WHAT IS CLAIMED IS: 



1 method of treating a hydrocarbon ™ntain in g tnrmatimrrnTntTT^^ 

roviding heat from one or more heat sources to at least one portion of the 
formation; 

allowin^he heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling the neat from the one or more heat sources such that an average 
temperature within at leasr^ majority of the selected section of the formation is less than 
about 375 °C; and 

producing a mixture fro^fhe formation^ 

2. The method of claim 1, whereiru%e one or more heat sources comprise at least two 
heat sources, and wherein superpositiVApf heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons witnhHhe selected section of the formation. 

3. The method of claim 1, wherein controlling: formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

4. The method of claim 1, wherein the one or more h^t sources comprise electrical 
heaters. 

5. The method of claim 1, wherein the one or more heat sources comprise surface 
burners. 

6. The method of claim 1, wherein the one or more heat sources\omprise flameless 
distributed combustors. 



7. The method of claim 1, wherein the one or more heat sources compose natural 
distributed combustors. 
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8. The methodW claim 1, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 

9. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sourcefe. 

10. The method of claim 1/mAher comprising controlling a pressure within at least a 
majority of the selected section Wthe formation with a valve coupled to a production 
well located in the formation. ^ ' 

11. The method of claim 1, further comprising controlling the heat such that an average 
heating rate of the selected section is tess than about 1 °C per day during pyrolysis. 

12. The method of claim 1, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises\ 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C x *p B \ 

wherein Pwr is the heating energy/day, h is amaverage heating rate of the 
formation, p B is formation bulk density, and wherein thte heating rate is less than about 10 
°C/day. \ 
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13. The method of cJaim 1, wherein allowing the heat to transfer from the one or more 
heat sources to the selected section comprises transferring heat substantially by 
conduction. \ 

14. The method of claim L wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 

15. The method of claim 1, whecein the produced mixture comprises condensable 
hydrocarbons having an API gravity ofjjUsast about 25°. 

16. The method of claim 1, wlWdnih^rq^ced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. >A 

17. The method of claim 1, wherein the produced mixture comprises non-condensable 
hydrocarbons, and^wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

18. The method of claim 1, wherein the producer mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. \ 

19. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 

20. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 
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21. The method ofi claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprrse oxygen containing compounds, and wherein the oxygen 
containing compound^comprise phenols. 

22. The method of claim \, wherein the produced mixture comprises condensable 
hydrocarbons, and whereimless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

23. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

24. The method of claim 1, wh^einVhp prodded mixture comprises condensable 
hydrocarbons, and wherein less than/about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring alramatics with more than two rings. 

25. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou\ 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigM to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

27. The method of claim 1, wherein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, and wherein 
the hydrogen is greater than about 10 % by volume of the non-condensable component 
and wherein the hydrogen is less than about 80 % byWolume of the non-condensable 
component. \ 
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28. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein greater thah about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claiV 1, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The method of claim lAfurther comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. \ 

31. The method of claim 1, further comprising controlling formation conditions such that 
the produced mixture comprises ^^tialoressure of H 2 within the mixture greater than 
about 0.5 bar. S \ /)/ 

32. The method of claim 31, whereiAhe partial pressure of H 2 is measured when the 
mixture is at a production well. \\ 

33. The method of claim 1, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from tHe mixture into the formation. 

34. The method of claim 1, further comprising altering a pressure within the formation to 
inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. \ 

35. The method of claim 1 , further comprising: \ 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

37. The method of claim 1, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

38. The method of claim V wherein allowing the heat to transfer comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

39. The method of claim 1, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensajaleiwdrocarbons, as measured by the Fischer Assay. 

40. The method of claim 1 , wljereW producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well\\ 

41 . The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. \ 

42. The method of claim 1, further comprisingWoviding heat from three or more heat 
sources to at least a portion of the formation, wnerein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern oftunits. 

43. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream. \ 



280 Conley, Rose & Tayon, P C. 



44. The method oRclaim 1, further comprising separating the produced mixture into a gas 
stream and a liquid Weam and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

45. The method of claim 1, wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S from non-condensable hydrocarbons. 

46. The method of claim 1, Wherein the produced mixture comprises CO2, the method 
further comprising separating a portion of the CO2 from non-condensable hydrocarbons. 



47. The method of claim 1, 
wherein the heating is com 
formation as a vapor. 



wh&fein th^\mixture is produced from a production well, 
6lled sucU tfiat the mixture can be produced from the 



48. The method of claim 1, wherein\tfteonixture is produced from a production well, the 
method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

49. The method of claim 1, wherein the Mixture is produced from a production well, 
wherein a wellbore of the production well\comprises a heater element configured to heat 
the formation adjacent to the wellbore, andYurther comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component ancREk. 

50. The method of claim 1, wherein the minimum pyrolysis temperature is about 270 °C. 



51. The method of claim 1, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit p\oduction of fluids having carbon 
numbers above 25. 
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52. The method onclaim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production wellAto control an amount of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reduced to increase production of condensable 
hydrocarbons, and wherein the pressure is increased to increase production of non- 
condensable hydrocarbons. 

53. The method of claim l\further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well, to contr&l an API gravity of condensable hydrocarbons within the 
produced mixture, wherein theWessure is reduced to decrease the API gravity, and 
wherein the pressure is increa^ato yeciuce the API gravity. 

54. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; \ 

allowing the heat to transfer from at least the portion to a selected section of the 
formation substantially by conduction oi heat; 

pyrolyzing at least some hydrocarbons within the selected section of the 
formation; and \ 

producing a mixture from the formation. 

55. The method of claim 54, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

56. The method of claim 54, wherein the one or more heat sources comprise electrical 
heaters. \ 

57. The method of claim 54, wherein the one or morfe heat sources comprise surface 
burners. \ 
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58. The method onclaim 54, wherein the one or more heat sources comprise flameless 
distributed combustors. 



59. The method of clainj 54, wherein the one or more heat sources comprise natural 
distributed combustors. 

60. The method of claim 54\ further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



61. The method of claim 54, fiirthep 
heating rate of the selected section is^ 



ising controlling the heat such that an average 
es(s man about 1 .0 0 C per day during pyrolysis. 



62. The method of claim 54, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprise 

heating a selected volume (V) of trie hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some lfydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to^he volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h isW average heating rate of the 
formation, ps is formation bulk density, and whereii^the heating rate is less than about 10 
°C/day. 



63. The method of claim 54, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 WV(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claftn 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbon^ are olefins. 

66. The method of claim 54, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.00 1 to about 0.15. 

67. The method of claim 54>*¥h©Ainltne produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is fcxygen. 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur 

70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to aboW 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 
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71 . The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprisesVnulti-ring aromatics with more than two rings. 

73. The method of claim 54 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes\ 

74. The method of claim S^wmvim the produced mixture comprises condensable 
hydrocarbons, and wherein abou\\5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyctoalkanes. 

75. The method of claim 54, whereinthe produced mixture comprises a non-condensable 
component, wherein the non-condensaMe component comprises hydrogen, wherein the 
hydrogen is greater than about 10 % by volume of the non-condensable component, and 
wherein the hydrogen is less than about 8y % by volume of the non-condensable 
component. \ 

76. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilized 

78. The method of claim 54, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wHerein the controlled pressure is at 
least about 2.0 bar absolute. \ 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

80. The method of claim 79V wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

81 . The method of claim 54, further comprising altering a pressure within the formation 
to inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. /\. (\\ 

82. The method of claim 54, whereinUmtrolling formation conditions comprises 
recirculating a portion of hydrogen fronrohe mixture into the formation. 

83. The. method of claim 54, further comprising: 

providing hydrogen (H 2 ) to the heateo section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

84. The method of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

85. The method of claim 54, wherein allowing the he^t to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

86. The method of claim 54, wherein allowing the heat tA transfer comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater than 
about 60 % by weteht of condensable hydrocarbons, as measured by the Fischer Assay. 

88. The method of claim 54, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

89. The method of claim 54 further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in>a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. \ 

90. The method of claim 54, furthest comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of nb^t sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

91. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and \ 

heating the selected section such that a thermal conductivity of at least a portion 
of the selected section is greater than about 0.5 W/wn °C). 

92. The method of claim 91, wherein the one or moremeat sources comprise at least two 
heat sources, and wherein superposition of heat from a\ least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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93. The method of claim 91, wherein controlling formation conditions comprises 
maintaining ^temperature within the selected section within a pyrolysis temperature 
range. 

94. The method o^ claim 91, wherein the one or more heat sources comprise electrical 
heaters. 

95. The method of clai^p 91, wherein the one or more heat sources comprise surface 
burners. 



96. The method of claim 9l\ 
distributed combustors. 



l the one or more heat sources comprise flameless 



97. The method of claim 91, whqr&yi the one or more heat sources comprise natural 
distributed combustors. 

98. The method of claim 91, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, of the temperature is controlled as a function of 
pressure. 

99. The method of claim 91, farther comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. 



100. The method of claim 91, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has m average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr ^calculated by the equation: 
Pwr = h y *C v */) fi 

wherein PvW* is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

101. The method of claim 9 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

102. The method of claim-JU^i wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

103. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 yo by weight to about 15 % by weight of the 
condensable hydrocarbons are olefinsA 

104. The method of claim 91, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 05. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen\ 

mixture comprises condensable 
ght, when calculated on an atomic 



1 06. The method of claim 91 , wherein the produce* 
hydrocarbons, and wherein less than about 1 % by we^ 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds Yomprise phenols. 

109. The method of claifn^tTtvherein the produced mixture comprises condensable 
hydrocarbons, and whereingreater than about 20 % by weight of the condensable 
hydrocarbons are aromatic conroounds. 

110. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thark about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

111. The method of claim 9 1 , whereinVhe produced mixture comprises condensable 
hydrocarbons, and wherein less than aboum).3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

112. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weightto about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

113. The method of claim 9 1 , wherein the produces mixture comprises a non- 
condensable component, wherein the non-condensable\component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 
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1 14. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greWr than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein the ammWa is used to produce fertilizer. 

116. The method oY claim 91, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

117. The method of claim 5)1, fipHer comprising controlling formation conditions to 
produce a mixture of condensaMc Hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater thamM)out 0.5 bar. 

118. The method of claim 1 1 7, wnerein the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 

119. The method of claim 91, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

120. The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

121. The method of claim 9 1 , further comprising: \ 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 
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122. me method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

123. The metkod of claim 91, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

124. The method of claim 91 , wherein allowing the heat to transfer comprises 
substantially uniformly inbr£asink a permeability of a majority of the selected section. 

125. The method of claim9ll, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

126. The method of claim 91, whetein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. \ 

127. The method of claim 91, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

128. The method of claim 91, further comprisin&providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a pWality of the units are repeated 
over an area of the formation to form a repetitive patternW units. 

129. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controllingVhe heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such tharjproduction of a substantial amount of hydrocarbons having carbon 
numbers greater than 25\s inhibited; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the contWled pressure is at least 2.0 bar; and 

producing a mixture from the formation, wherein about 0.1 % by weight of the 
produced mixture to about 1 5/% by weight of the produced mixture are olefins, and 
wherein an average carbon numBeijafT the produced mixture ranges from 1-25. 

130. The method of claim 129, wnerein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim 129, whereinVontrolling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

132. The method of claim 129, wherein the one or more heat sources comprise 
electrical heaters. \ 

133. The method of claim 129, wherein the one onmore heat sources comprise surface 
burners. \ 

134. The method of claim 129, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 

136. The method of claim 129, further comprising controlling a pressure and a 
temperature within Vt least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

137. The method of claim 129, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1 38. The method of claim i39^wh^ein providing heat from the one or more heat 
sources to at least the portion of foraiation comprises: 

heating a selected volume (Vp&f the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provides to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, wis an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

139. The method of claim 1 29, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

140. The method of claim 129, wherein providing heat Srom the one or more heat 
sources comprises heating the selected section such that a tnermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/wn °C). 
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141. TheVnethod of claim 1 29, wherein the produced mixture comprises condensable 
hydrocarbons and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

142. The methockof claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbVis ranges from about 0.001 to about 0.15. 

143. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein l^sThan^about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrqsarborik is nitrogen. 

144. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thamabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon;? is oxygen. 

145. The method of claim 129, whereimthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about \ % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is suPfur. 

146. The method of claim 129, wherein the piraduced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to aBout 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. ^ 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbon^ comprises multi-ring aromatics with more than two rings. 

149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, ancWherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

150. The method of ckim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and whereila about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

151. The method of claim lZOT^herem the produced mixture comprises a non- 
condensable component, wherein\the\pn-condensable component comprises hydrogen, 
wherein the hydrogen is greater than abov^t 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

152. The method of claim 129, whereiAthe produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 53. The method of claim 1 29, wherein the Woduced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

1 54. The method of claim 1 29, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and^b, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. \ 

155. The method of claim 1 54, wherein the partial pre&ure of H 2 is measured when the 
mixture is at a production well. \ 
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1 56. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

157. The method of claim 129, further comprising: 

providing Hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portiom of the section with heat from hydrogenation. 

158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons AfchSlnetfrsKi further comprising hydrogenating a portion of the 
produced condensable h^droWbons with at least a portion of the produced hydrogen. 

159. The method of claim 12& wherein allowing the heat to transfer comprises 
increasing a permeability of a majWity of the selected section to greater than about 100 
millidarcy. \ 

160. The method of claim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

161. The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hwirocarbons, as measured by the Fischer 
Assay. \ 

162. The method of claim 129, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at leW about 7 heat sources are disposed in 
the formation for each production well. \ 

163. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherain three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



164. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located imthe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1 65 . The method of claiiA 1 29, further comprising separating the produced mixture 
into a gas stream and a liquid^tream. 

ft 

1 66. The method of claim f29\ furth eJ comprising separating the produced mixture 



into a gas stream and a liquid strea 
stream and a non-aqueous stream. 



id separating the liquid stream into an aqueous 



167. The method of claim 129, wherW the produced mixture comprises H 2 S, the 
method further comprising separating a pprtion of the H 2 S from non-condensable 
hydrocarbons. 

168. The method of claim 129, wherein thfe produced mixture comprises C0 2 , the 
method further comprising separating a portio\i of the C0 2 from non-condensable 
hydrocarbons. 

169. The method of claim 129, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that th^ mixture can be produced from the 
formation as a vapor. 



1 70. The method of claim 1 29, wherein the mixturA is produced from a production 
well, the method further comprising heating a wellbore\of the production well to inhibit 
condensation of the mixture within the wellbore. 
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171. The method of claim 1 29 , wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formatiormdjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable^hydrocarbon gas component and H2. 

172. The method of claim 129, wherein the minimum pyrolysis temperature is about 
270 °C. \ 

173. The method of claim 129^fortihef4jomprising maintaining the pressure within the 
formation above about 2.0 b^fr absolute to inmbit production of fluids having carbon 
numbers above 25. Vf 

174. The method of claim 129, further apprising controlling pressure within the 
formation in a range from about atmosphWic pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein the pressure ite increased to increase production of non- 
condensable fluids. \ 

175. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce\he API gravity. 

176. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at leiast a portion of the 

formation; \ 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; and 

producing a mixture from the formation. 

177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

178. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production well located in the formation. 

1 79. The method of claim 1 76,Vvhetein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons Vitnin the selected section of the formation. 

1 80. The method of claim 1 76, wherein cbntrolling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

181. The method of claim 176, wherein thaone or more heat sources comprise 
electrical heaters. \ 

1 82. The method of claim 176, wherein the one or more heat sources comprise surface 
burners. \ 

183. The method of claim 176, wherein the one orVnore heat sources comprise 
flameless distributed combustors. \ 

184. The method of claim 176, wherein the one or moite heat sources comprise natural 
distributed combustors. \ 
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1 85. The method of claim 1 76, further comprising controlling a temperature within at 
least a majority Vf the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 

186. The method of ckim 176, further comprising controlling the heat such that an 
average heating rate of the\selected section is less than about 1 °C per day during 
pyrolysis. \ 

1 87. The method of claim 1 76, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume y^fthe hydrocarbon containing formation from the 
one or more heat sources, where^ime locmation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leas\ some hydrocarbons within the selected volume of 
the formation; and \ \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = A*F*C v */>s \ 

wherein Pwr is the heating energy/dav, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1 88. The method of claim 1 76, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

1 89. The method of claim 1 76, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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190. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbonsyhaving an API gravity of at least about 25°. 

191 . The methbd of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and Vherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 92. The method of claim 1 76, wherein the produced mixture comprises non- 
condensable hydrocarbons^ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

193. The method of claim l/6^tffterein the produced mixture comprises condensable 
hydrocarbons, and wherein les/than aoout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

194. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aoput 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons rte oxygen. 

195. The method of claim 176, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about l\% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulriir. 

196. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abW 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

1 97. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 
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198. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 99. The method oXclaim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

200. The method of claim V76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abdut 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are^ycloatkanes. 

20 1 . The method of claim 1 76, wherein the produced mixture comprises a non- 
condensable component, wherein theVm-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is\less than about 80 % by volume of the non- 
condensable component. \ 

202. The method of claim 1 76, wherein thV produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

203. The method of claim 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer^ 

204. The method of claim 176, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. \ 

205. The method of claim 204, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 
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206. The method 6f claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater thah about 25. 

207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion orhydrogen from the mixture into the formation. 

208. The method of claim \ 76, further comprising: 

providing hydrogen (Hty to the heated section to hydrogenate hydrocarbons 

within the section; and V* \ 

heating a portion of th^seqtiofr with heat from hydrogenation. 

209. The method of claim 176, whVein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

210. The method of claim 176, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tha selected section to greater than about 100 
millidarcy. \ 

211. The method of claim 1 76, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

212. The method of claim 1 76, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

213. The method of claim 176. wherein producing the\mixture from the formation 
comprises producing the mixture in a production well, ana wherein at least about 7 heat 
sources are disposed in the formation for each production Well. 
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214. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowingVhe heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling aVressure within at least a majority of the selected section of the 
formation, wherein the\controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at leaska majority of the selected section of the formation is less than 
about 375 °C; and 

producing a mixtur^mom the formation. 

215. The method of claim 2 14V wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claim 214, wherW controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

217. The method of claim 214, wherein thaone or more heat sources comprise 
electrical heaters. \ 

2 1 8. The method of claim 214, wherein the ona or more heat sources comprise surface 
burners. \ 

219. The method of claim 214, wherein the one onmore heat sources comprise 
flameless distributed combustors. \ 
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220. The method of claim 214, wherein the one or more heat sources comprise natural 
distributed combustors. 

221. The method of claim 214, further comprising controlling a pressure and a 
temperature withm at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressures 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

223. The method of claim 21#fwhetein providing heat from the one or more heat 
sources to at least the portion oriamiauon comprises: 

heating a selected volume (l\pf the hydrocarbon containing formation from the 
one or more heat sources, wherein thaihrmation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least sbme hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provicted to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day \/i is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

224. The method of claim 214, wherein allowin&the heat to transfer comprises 
transferring heat substantially by conduction. \ 

225. The method of claim 214, wherein providing heat from the one or more heat 
sources comprises heating the selected section such thai a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5VW/(m °C). 
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226. The methoa of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons Vre olefins. 

228. The method of claim 2V4, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214 ; ^trereki the produced mixture comprises non- 
condensable hydrocarbons, and wKeteWa molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frornsVbout 0.001 to about 0.15. 

230. The method of claim 214, wherein ttie produced mixture comprises condensable 
hydrocarbons, and wherein less than about l\% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

23 1 . The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % b\ weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

233. The method of claim 214, wherein the produced rriixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 %\by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

234. The rnethod of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons areVromatic compounds. 

235. The method ofclaim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises rmilti-ring aromatics with more than two rings. 

236. The method of claim/2fr4, whetein the produced mixture comprises condensable 
hydrocarbons, and wherein lesst^an^oout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. V 

237. The method of claim 214, wherW the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % byWeight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkaneV 

238. The method of claim 214, wherein the Woduced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

239. The method of claim 214, wherein the produced tnixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

240. The method of claim 214, wherein the produced mixtWe comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. \ 
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24 1 . The Vnethod of claim 2 1 4, wherein controlling the heat further comprises 
controlling thfc heat such that coke production is inhibited. 

242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Eb, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

243. The method of claftn 242, wherein the partial pressure of H2 is measured when the 
mixture is at a production weJl. 

244. The method of claim 21 VftrrS^er comprising altering the pressure within the 
formation to inhibit productio^ThVclrocarbons from the formation having carbon 
numbers greater than about 25. 

245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

246. The method of claim 2 1 4, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

247. The method of claim 214, wherein the prodiJbed mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

248. The method of claim 214, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 
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249. The method oficlaim 214, wherein allowing the heat to transfer comprises 
substantially uniformlyUncreasing a permeability of a majority of the selected section. 

250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight \f condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

25 1 . The method of claim 2 1 4 Wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

252. The method of claim 214, furthfcrc^^ providing heat from three or more 
heat sources to at least a portion of th^tWiation, Wherein three or more of the heat 
sources are located in the formation m^Unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

253. The method of claim 214, further conWising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive Pattern of units. 

254. A method of treating a hydrocarbon containmg formation in situ, comprising: 
providing heat from one or more heat sourcesuo at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or mdre heat sources to a selected 
section of the formation; \ 

producing a mixture from the formation, wherein\at least a portion of the mixture 
is produced during the pyrolysis and the mixture moves through the formation in a vapor 
phase; and \ 

maintaining a pressure within at least a majority of tthe selected section above 
about 2.0 bar absolute. 1 
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255. The method of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, ana wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature Vithin the selected section within a pyrolysis temperature 
range. \ 

257. The method of claim 254 > ^bereiq < the one or more heat sources comprise 
electrical heaters. f \ \ 

258. The method of claim 254, wlreraiydie one or more heat sources comprise surface 
burners. \\ 

259. The method of claim 254, whereki the one or more heat sources comprise 
flameless distributed combustors. \ 

260. The method of claim 254, wherein tne one or more heat sources comprise natural 
distributed combustors. \ 

261. The method of claim 254, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

controlling the heat such that an 
l about 1 °C per day during 



262. The method of claim 254, further comprising) 
average heating rate of the selected section is less tha 
pyrolysis. 



Conley, Rose & Tayon, P C. 



y 

263. The method of claim 254, wherein providing heat from the one or more heat 
sources to at lkast the portion of formation comprises: 

heating \ selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating\pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heatingvenergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculatecM)y the equation: 

Pwr = /?*F*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk)s^sity^hd wherein the heating rate is less than about 10 
°C/day. C_W \ J 

264. The method of claim 254, wlrerein allowing the heat to transfer comprises 
transferring heat substantially by condiktion. 

265. The method of claim 254, whereinWoviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abbut 25°. 

267. The method of claim 254, wherein the prodiWd mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to\about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

268. The method of claim 254, wherein the producea mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % byl weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 1 
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269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hyorocarbons ranges from about 0.001 to about 0.15. 

270. The method Vf claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wnferein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable^ hydrocarbons is nitrogen. 

271. The method of claimv254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le^s than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrorarbori^is oxygen. 

272. The method of claim zM^wierein the produced mixture comprises condensable 
hydrocarbons, and wherein less than%bout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons^ sulfur. 

273. The method of claim 254, whereinVhe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weighkto about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

274. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %u>y weight of the condensable 
hydrocarbons are aromatic compounds. \ 

275. The method of claim 254, wherein the produceamixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



Conley, Rose & Tayon, P C. 



\ 

276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are atphaltenes. 

277. The method oftlaim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and whererin about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons\are cycloalkanes. 

278. The method of claim 2:54, wherein the produced mixture comprises a non- 
condensable component, whereiWfie nonvcondensable component comprises hydrogen, 
wherein the hydrogen is greatertnan ajpoujt 10 % by volume of the non-condensable 
component, and wherein the hydrogenVis less than about 80 % by volume of the non- 
condensable component. V\ 

279. The method of claim 254, wherem the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

280. The method of claim 254, wherein theWoduced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

281. The method of claim 254, wherein the presfeure is measured at a wellhead of a 
production well. \ 

282. The method of claim 254, wherein the pressura is measured at a location within a 
wellbore of the production well. \ 

283. The method of claim 254, wherein the pressure is Maintained below about 100 bar 
absolute. \ 
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284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixturoof condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture ife greater than about 0.5 bar. 

285. The method of claim 284, wherein the partial pressure of H2 is measured when the 
mixture is at a productioiWelL 

286. The method of claim ^54, further comprising altering a pressure within the 
formation to inhibit productionW hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

287. The method of claim 254s^^terefinjcontrolling formation conditions comprises 
recirculating a portion of hydrogen frorerthe mixture into the formation. 

288. The method of claim 254, further Comprising: 

providing hydrogen (H 2 ) to the heatttd section to hydrogenate hydrocarbons 
within the section; and V 

heating a portion of the section with heat from hydrogenation. 

289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a pWtion of the produced hydrogen. 

290. The method of claim 254, wherein allowing the Wat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

29 1 . The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majorky of the selected section. 



315 



Conley, Rose & Tayon, P.C. 



292. The method of claim 254, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

293. The method ofxlaim 254, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

294. The method of claim£54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattemf^ X 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, aWl wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat Wirces to at least a portion of the 

formation; \ 

allowing the heat to transfer from the ona or more heat sources to a selected 
section of the formation; \ 

maintaining a pressure within at least a majority of the selected section of the 
formation above 2.0 bar absolute; and \ 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
temperature and at atmospheric pressure. \ 
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297. The method of claim\296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein\uperposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within deselected section within a pyrolysis temperature 
range. 



10 



299. The method of claim 296, wherej 
electrical heaters. 
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300. The method of claim 296, whereii\tf^e one or more heat sources comprise surface 
burners. 

301 . The method of claim 296, wherein the dfie or more heat sources comprise 
flameless distributed combustors. 

302. The method of claim 296, wherein the one\or more heat sources comprise natural 
distributed combustors. 

303. The method of claim 296, further comprising\controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature^r the temperature is controlled as 
a function of pressure. 

304. The method of claim 296, further comprising controlling the heat such that an 
average heating rate of the selected section is less than aboyt 1 °C per day during 
pyrolysis. 



30 305. The method of claim 296, wherein providing heat frcjm the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolVzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heatina enera&^Jay, h is an average heating rate of the 
formation, p B is formation bulk denlsiw, and wherein the heating rate is less than about 10 
°C/day. Vj / 

306. The method of claim 296, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

307. The method of claim 296, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater thanvibout 0.5 W/(m °C). 

308. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. \ 

310. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 



318 



Conley, Rose & Tayon, P.C. 



311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

312. The method of claim 296,\wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thkn about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tijairaEout 1 %tV weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygj&i. 

314. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abdut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

315. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

►roduced mixture comprises condensable 
\0 % by weight of the condensable 

317. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % Hy weight of the condensable 
hydrocarbons comprises multi-ring aromatics wiflh more than two rings. 



3 1 6. The method of claim 296, wherein the \ 
hydrocarbons, and wherein greater than about : 
hydrocarbons are aromatic compounds. 
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318. TheNnethod of claim 296, wherein the produced mixture comprises condensable 
hydrocarbonsWd wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

3 1 9. The method\>f claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wnterein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

320. The method of claim\296, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greatsnfian aboilt 10 % by volume of the non-condensable 
component, and wherein ^he hydrogen isytess than about 80 % by volume of the non- 
condensable component. V^_^f \ is 

321 . The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. \ 

324. The method of claim 296, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 

325 . The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 
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326. Thet method of claim 296, wherein controlling formation conditions comprises 
recirculating^ portion of hydrogen from the mixture into the formation. 



327. The method of claim 296, further comprising: 
providing Hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; 

heating a portion of the section with heat from hydrogenation. 

328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

329. The method of claim 296, wherein allowing the heat to transfer comprises 
increasing a permeability of a majoff^rtjf tl^e^elected section to greater than about 100 
millidarcy. 

330. The method of claim 296, whereimallowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

33 1 . The method of claim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

332. The method of claim 296, wherein producinguhe mixture comprises producing 
the mixture in a production well, and wherein at least aJ?out 7 heat sources are disposed in 
the formation for each production well. 

333. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein tnree or more of the heat 
sources are located in the formation in a unit of heat sources,Vnd wherein the unit of heat 
sources comprises a triangular pattern. 
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334. The method 6f claim 296, further comprising providing heat from three or more 
heat sources taat least a portion of the formation, wherein three or more of the heat 
sources are locared in the formation in a unit of heat sources, wherein the unit of heat 
sources comprisesV triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

335. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; "N 

maintaining a pressure within atrteast a majority of the selected section of the 
formation to above 2.0 bar absolute; ana 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogervb atomic carbon ratio of greater than about 1 .75. 

336. The method of claim 335, whereimthe one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

337. The method of claim 335, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

338. The method of claim 335, wherein the one or more heat sources comprise 
electrical heaters. \ 

339. The method of claim 335, wherein the one or mom heat sources comprise surface 
burners. \ 
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340. TMmethod of claim 335, wherein the one or more heat sources comprise 
flameless distributee! combustors. 

341 . The method of claim 335, wherein the one or more heat sources comprise natural 
distributed combustors. 

342. The method of claim 3 3 5, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as\a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

343. The method of claim 335^urtheij comprising controlling the heat such that an 
average heating rate of the seldQte^ectiWn Is less than about 1 °C per day during 
pyrolysis. \ 

344. The method of claim 335, whereik providing heat from the one or more heat 
sources to at least the portion of formationVomprises: 

heating a selected volume (V) of the Wdrocarbon containing formation from the 
one or more heat sources, wherein the formatimi has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the Volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the neating rate is less than about 10 
°C/day. \ 

345. The method of claim 335, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. V 
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346. The method of claim 335, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

347. The method orclaim 335, wherein the produced mixture comprises condensable 
hydrocarbons having anWPI gravity of at least about 25°. 

348. The method of clainr335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are oPefins. 

349. The method of claim 32LS^Aereinme produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons atesolefins. 

350. The method of claim 335, whereinNthe produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abouty.OOl to about 0.15. 

351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bAweight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 

352. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigW, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 

ture comprises condensable 
men calculated on an atomic 



353. The method of claim 335, wherein the produced mi: 
hydrocarbons, and wherein less than about 1 % by weight, 
basis, of the condensable hydrocarbons is sulfur. 
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354. Theynethod of claim 335, wherein the produced mixture comprises condensable 
hydrocarbonV wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons Comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

355. The method Of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

356. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessihan about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring^omatjts with more than two rings. 

357. The method of claim 335, wherfedn \he produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

358. The method of claim 335, wherein the ptoduced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

359. The method of claim 335, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80y% by volume of the non- 
condensable component. \ 

360. The method of claim 335, wherein the produced mixtura comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammoVia is used to produce fertilizer. 

362. The method ofclaim 335, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

363. The method of claim>335, wherein the partial pressure of H 2 is measured when the 
mixture is at a production welly 

364. The method of claim 335\further comprising altering the pressure within the 
formation to inhibit production ofaydroc^rbons from the formation having carbon 
numbers greater than about 25. U 

365. The method of claim 335, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen froiAthe mixture into the formation. 

366. The method of claim 335, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with hekt from hydrogenation. 

367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least apportion of the produced hydrogen. 

ie heat to transfer comprises 
i section to greater than about 100 



368. The method of claim 335, wherein allowing 
increasing a permeability of a majority of the selectee 
millidarcy. 
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369. The method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

371 . The method of clainr335, wherein producing the mixture comprises producing 
the mixture in a production wall, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

372. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formatioi^m a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem\ ]) 

373. The method of claim 335, furtherV;omprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

374. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; \ 

maintaining a pressure within at least a majoriw of the selected section of the 
formation to above 2.0 bar absolute; and \ 

producing a mixture from the formation, whereih the produced mixture comprises 
a higher amount of non-condensable components as compared to non-condensable 
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components producible from the formation under the same temperature conditions and at 
atmospheric presW^. 

375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some kydrocarbons within the selected section of the formation. 

376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature wi\hin the selected section within a pyrolysis temperature 
range. \ 

377. The method of claim 374, wherein the one or more heat sources comprise 
electrical heaters. \^ >^ 

378. The method of claim 374, wherein the one or more heat sources comprise surface 
burners. \ \ 

379. The method of claim 374, wherein me one or more heat sources comprise 
flameless distributed combustors. \ 

380. The method of claim 374, wherein the oiie or more heat sources comprise natural 
distributed combustors. \ 

381. The method of claim 374, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatureAor the temperature is controlled as 
a function of pressure. \ 

382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abaut 1 °C per day during 
pyrolysis. \ 



328 



Conley, Rose & Tayon, P.C. 



383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating aVelected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) 5 and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bV the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating engrg^May, h is an average heating rate of the 
formation, p B is formation bulk density, and] wherein the heating rate is less than about 10 
°C/day. ^ \ 1/ 

384. The method of claim 374, whereiii allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

386. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about \5 % by weight of the 
condensable hydrocarbons are olefins. \ 

388. The method of claim 374, wherein the produced mixtureVomprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to\about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 
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389. The method of claim 374, wherein the produced mixture comprises non- 
condensable Hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

390. The methockof claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

391 . The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein ffess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarlj0fts4s oxygen. 

392. The method of claim 374,Vhere4n the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

393. The method of claim 374, wherem the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

394. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 Vo by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

395. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by wemht of the condensable 
hydrocarbons comprises multi-ring aromatics with mora than two rings. 
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396. TheViethod of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons\and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

397. The method \)f claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wWerein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

398. The method of claiA 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greatertfhan about 10 % by volume of the non-condensable 
component, and wherein the hydrogenisless than about 80 % by volume of the non- 
condensable component. C — ^ IJ 

399. The method of claim 374, whetei^i the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by Wright of the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. \ 

402. The method of claim 374, wherein the partial Wessure of H 2 is measured when the 
mixture is at a production well. \ 

403. The method of claim 374, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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404. The memod of claim 374, further comprising: 

providingWdrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; Mid 

heating a portion of the section with heat from hydrogenation. 

405. The method of clkim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons\ the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

406. The method of claim 374^hereki allowing the heat to transfer comprises 
increasing a permeability of a majority df the selected section to greater than about 100 
millidarcy. V\ 

407. The method of claim 374, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

409. The method of claim 374, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein thr^e or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of thk formation to form a repetitive pattern of units. 

412. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % b\ weight of hydrocarbons within the selected section of 
the formation; and /^\^\ 

producing a mixture from tWfprmation. 

413. The method of claim 412, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons wimin the selected section of the formation. 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

415. The method of claim 412, wherein the one or more heat sources comprise 
electrical heaters. \ 

416. The method of claim 412, wherein the one orVnore heat sources comprise surface 
burners. \ 

417. The method of claim 412, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 
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418. The method of claim 412, wherein the one or more heat sources comprise natural 
distributed combustors. 

419. The methodVf claim 412, further comprising controlling a pressure and a 
temperature within at\east a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

420. The method of claim *l 12, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

421 . The method of claim 412,C^^reinyproviding heat from the one or more heat 
sources to at least the portion of fonmtion comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided\o the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C y *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

422. The method of claim 412, wherein allowing tha heat to transfer comprises 
transferring heat substantially by conduction. \ 

423. The method of claim 412, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that h thermal conductivity of at 
least a portion of the selected section is greater than about 0)5 W/(m °C). 
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424. The method hf claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having ah API gravity of at least about 25°. 

425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Vbout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons ara olefins. 

426. The method of claim 412l wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarjxms are\olefins. 

427. The method of claim 412, wbyein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frormabout 0.001 to about 0.15. 

428. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouA 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

429. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygbn. 

430. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. \ 

43 1 . The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about\30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

432. The method of Vlaim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

433. The method of clain\412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lass^Eairabout 5 % by weight of the condensable 
hydrocarbons comprises multShring arpmatics with more than two rings. 

434. The method of claim 4 1 2l wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloaflkanes.. 

436. The method of claim 412, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than abomt 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

437. The method of claim 412, wherein tire produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weightlof the produced mixture is ammonia. 

438. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 
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439. The method 01 claim 412, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater man about 0.5 bar. 

441 . The method of claim 4^2 r Jwherein the partial pressure of H2 is measured when the 
mixture is at a production vtfelL \ , ) 

442. The method of claim 412, mother comprising altering a pressure within the 
formation to inhibit production of iWdrocarbons from the formation having carbon 
numbers greater than about 25. \ 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

444. The method of claim 412, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with^ieat from hydrogenation. 

►roduced mixture comprises hydrogen and 
comprising hydrogenating a portion of the 
At a portion of the produced hydrogen. 

446. The method of claim 412, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. ] 



445. The method of claim 412, wherein t 
condensable hydrocarbons, the method further^ 
produced condensable hydrocarbons with at lea 
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447. The method erf claim 412, wherein allowing the heat to transfer comprises 
substantially uniformlV increasing a permeability of a majority of the selected section. 

448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weighAof condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

449. The method of claim 41 2, wherein producing the mixture comprises producing 
the mixture in a production well and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

450. The method of claim 4l^^rthei/comprising providing heat from three or more 
heat sources to at least a portion of ™f formation, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patterm 

451. The method of claim 412, fiirthqr comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed neat from the one or more heat sources 
pyrolyzes at least about 20 % of hydrocarbons within the selected section of the 
formation; and \ 

producing a mixture from the formation, wherein the mixture comprises a 
condensable component having an API gravity of atueast about 25°. 



338 



Conley, Rose & Tayon, P C. 



453. The method of claim 452, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

455. The method of claim 452, Vherein the one or more heat sources comprise 
electrical heaters. 

456. The method of claim 452, wherein the one or more heat sources comprise surface 
burners. 

457. The method of claim 452, w<gej^p the one^r more heat sources comprise 
flameless distributed combustors. 

458. The method of claim 452, wherein t\ie one or more heat sources comprise natural 
distributed combustors. 

459. The method of claim 452, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of tempef^ture, or the temperature is controlled as 
a function of pressure. 

460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate of the selected section is less tl^an about 1 °C per day during 
pyrolysis. 



46 1 . The method of claim 452, wherein providing h^at from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrmyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bAthe equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the hearing energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

462. The method of claim 452, wWein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

463. The method of claim 452, wherain providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greatenthan about 0.5 W/(m °C). 

464. The method of claim 452, wherein tfte produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

465. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about Oil % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefinsA 

466. The method of claim 452, wherein the procmced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinVess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

469. The method of claim 455L wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

470. The method of claim 45fi<vmerein^che produced mixture comprises condensable 
hydrocarbons, wherein about 5 % b)^eight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

47 1 . The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

472. The method of claim 452, wherein thaproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % W weight of the condensable 
hydrocarbons are asphaltenes. \ 
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474. The method onclaim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and whqrein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wnerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the nydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

476. The method of claim 452\ wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

477. The method of claim 45 2< / wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to procLce ^rtilizer. 

478. The method of claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of thevformation, wherein the controlled pressure is at 
least about 2.0 bar absolute. \ 

479. The method of claim 452, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

480. The method of claim 452, wherein tha partial pressure of H2 is measured when the 
mixture is at a production well. \ 

48 1 . The method of claim 452, further composing altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 
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482. The method \f claim 452, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

483. The method of claim 452, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of tiie section with heat from hydrogenation. 
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484. The method of claim 4&2, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



485. The method of claim 452 
increasing a permeability of a 
millidarcy. 



ij^ allowing the heat to transfer comprises 
■ajortty o^the selected section to greater than about 100 



486. The method of claim 452, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a pertneability of a majority of the selected section. 

487. The method of claim 452, further Comprising controlling the heat to yield greater 
than about 60 % by weight of condensable^ hydrocarbons, as measured by the Fischer 
Assay. 

488. The method of claim 452, wherein producing the mixture comprises producing 
the mixture in a production well, and wherei^ at least about 7 heat sources are disposed in 
the formation for each production well. 
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heat sources to at least a portion of the formatioit wherein three or more of the heat 
sources are located in the formation in a unit of h$at sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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490. The method oitalaim 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in thAformation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

49 1 . A method of treating aMayer of a hydrocarbon containing formation in situ, 
comprising: \ 

providing heat from one or more heat sources to at least a portion of the layer, 
wherein the one or more heat sources are positioned proximate an edge of the layer; 

allowing the heat to transfen from the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarborf^withm the selected section of the formation; and 

producing a mixture from the roralation. 

492. The method of claim 491 , wherein the one or more heat sources are laterally 
spaced from a center of the layer. \ 

493. The method of claim 491 , wherein me one or more heat sources are positioned in 
a staggered line. \ 

494. The method of claim 491 , wherein the\one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more heat sources. 

495. The method of claim 491 , wherein the one or more heat sources positioned 
proximate the edge of the layer can increase the volume of formation undergoing 
pyrolysis per unit of energy input to the one or more heat sources. 
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496. The methodW claim 491, wherein the one or more heat sources comprise 
electrical heaters. \ 

497. The method of clVim 491, wherein the one or more heat sources comprise surface 
burners. \ 

498. The method of claim\491, wherein the one or more heat sources comprise 
flameless distributed combusrors. 

499. The method of claim 49 vl wherein the one or more heat sources comprise natural 
distributed combustors. \ 

500. The method of claim 491, further comprising controlling a pressure and a 
temperature within at least a majoritV^ftfte>selected section of the formation, wherein 
the pressure is controlled as a fimcromof temperature, or the temperature is controlled as 
a function of pressure. \ \ 

501 . The method of claim 491 , furtheV comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1.0 0 C per day during 
pyrolysis. \ 

502. The method of claim 49 1 , wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

heating a selected volume (V) of the lWdrocarbon containing formation from the 
one or more heat sources, wherein the formatibn has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hwrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to me volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
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wherein Pw is the heating energy/day, h is an average heating rate of the 
formation, pg is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

503. The method of odaim 491 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

504. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

505. The method of claim 491 ,Vvherein the produced mixture comprises condensable 
hydrocarbons, and wherein abo^rfJX 1 %,by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. [/ 

506. The method of claim 491, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whereinya molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

507. The method of claim 491 , wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about l\% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

508. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % ny weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygem 

509. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. V 
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5 1 0. Thesmethod of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons;Swherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic Compounds. 

10 512. The method of claim 49V wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 5 % by weight of the condensable 
hydrocarbons comprises multi-ringWnnati^s with more than two rings. 

513. The method of claim 491 , wlrerW(tne produced mixture comprises condensable 
15 hydrocarbons, and wherein less than aofctat 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. \ 

514. The method of claim 491, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigm to about 30 % by weight of the 

20 condensable hydrocarbons are cycloalkanes. \ 

515. The method of claim 491 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

25 component, and wherein the hydrogen is less than about oO % by volume of the non- 
condensable component. \ 

e comprises ammonia, and 
fixture is ammonia. 
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516. The method of claim 49 1 , wherein the produced mixt 
wherein greater than about 0.05 % by weight of the produced 
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5 1 7. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

518. The methocPof claim 491 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

519. The method of claim 491 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater tlran about 0.5 bar. 

520. The method of claim 5 1 9, Wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. /\ ^\ 

521 . The method of claim 491 5 furtW comprising altering a pressure within the 
formation to inhibit production of hydroWbons from the formation having carbon 
numbers greater than about 25. \ 

522. The method of claim 491 , further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. \ 

523. The method of claim 491 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat fron\hydrogenation. 

524. The method of claim 491 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprisinahydrogenating a portion of the 
produced condensable hydrocarbons with at least a portionW the produced hydrogen. 
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525. The method of claim 491 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

526. The method ©f claim 491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

527. The method of claim 491 , further comprising controlling the heat to yield greater 
than about 60 % by weiglmof condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

528. The method of claim 491 , wherein producing the mixture comprises producing 
the mixture in a production wellAand wherein at least about 7 heat sources are disposed in 
the formation for each productionVvell. 

529. The method of claim 491 , fttfSier&Qmprising providing heat from three or more 
heat sources to at least a portion oftK^ormation, wherein three or more of the heat 
sources are located in the formation in ayhnit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ \ 

530. The method of claim 491, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

531. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or mare heat sources to a selected 
section of the formation; and ^ \ 
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compiling a pressure and a temperature within at least a majority of the selected 
section of the xbrmatron, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 

producing V mixture from the formation. 

532. The method oR claim 53 1, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

533. The method of clainr53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

534. The method of claim 53^r^jefeiA the one or more heat sources comprise 
electrical heaters. 

535. The method of claim 531, wherein the one or more heat sources comprise surface 
burners. 

536. The method of claim 531, wherein tlje one or more heat sources comprise 
flameless distributed combustors. 

537. The method of claim 531, wherein the ape or more heat sources comprise natural 
distributed combustors. 

538. The method of claim 53 1 , further comprisiiW controlling the heat such that an 
average heating rate of the selected section is less thip about 1 °C per day during 
pyrolysis. 

539. The method of claim 53 1 , wherein providing heajt from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bullAdensity, and wherein the heating rate is less than about 10 
°C/day. \ 

540. The method of claim 53 1 Avher^iry allowing the heat to transfer comprises 
transferring heat substantially by condition. 

541. The method of claim 531, wlWein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greyer than about 0.5 W/(m °C). 

542. The method of claim 531, wherem the produced mixture comprises condensable 
hydrocarbons having an API gravity of aft least about 25°. 

543. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

544. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about Oil % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins! 
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545. The methocNof claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

546. The method of claW 53 1 / wherein the produced mixture comprises condensable 
hydrocarbons, and whereinyess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

547. The method of claim 531 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrpemfcons is oxygen. 

548. The method of claim 53 1, wH&em the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonais sulfur. 

549. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigW to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

550. The method of claim 531, wherein the nroduced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2® % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

55 1 . The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with mbre than two rings. 
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552. The method onclaim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and whenein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalrenes. 

553. The method of claim 53 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

554. The method of claim 53 L wherein the produced mixture comprises a non- 
condensable component, whereimthe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. ^\ 

555. The method of claim 531, whereifi tlWproduced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

556. The method of claim 531, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

557. The method of claim 53 1, wherein th4 controlled pressure is at least about 2.0 bar 
absolute. \ 

558. The method of claim 531, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. \ 

559. The method of claim 531, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 
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560. The method V)f claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

561 . The method of claim 53 1 , wherein controlling formation conditions comprises 
recirculating a portion of wdrogen from the mixture into the formation. 

562. The method of claim\53 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

563. The method of claim 53 1 , Wjeseirithe produced mixture comprises hydrogen and 
condensable hydrocarbons, the wfetnod further comprising hydrogenating a portion of the 
produced condensable hydrocarbo^Wip a/least a portion of the produced hydrogen. 

564. The method of claim 53 1 , wherei^ allowing the heat to transfer comprises 
increasing a permeability of a majority bf the selected section to greater than about 100 
millidarcy. \ 

565. The method of claim 53 1 , whereiri allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 53 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

567. The method of claim 53 1 , wherein producing the mixture comprises producing 
the mixture in a production well, and wherein atUeast about 7 heat sources are disposed in 
the formation for each production well. \ 
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568. The methoa of claim 53 1 , further comprising providing heat from three or more 
heat sources to at leVst a portion of the formation, wherein three or more of the heat 
sources are located iA the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

569. The method of cl&im 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

570. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one on more heat sources to at least a portion of the 

formation; f \ \ 

allowing the heat to transfefTrom me one or more heat sources to a selected 
section of the formation to raise an a^Wge temperature within the selected section to, or 
above, a temperature that will pyrolyzirhydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
(p) set forth in the following equation for an assessed average temperature (7) in the 
selected section: \ 

Pf4000/T+67] 

p = e v 

where p is measured in psia and T is measured in ° Kelvin. 

571 . The method of claim 570, wherein the API gravity of the produced mixture is 

controlled to be greater than about 30 degrees API, and wherein the equation is: 

p = e [-3iooo)r+5!] 
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572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be grelater than about 35 degrees API, and wherein the equation is: 

\ p - e [-22000/T + 38] 

573. The method of claim 570 5 wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hjndrocarbons within the selected section of the formation. 

574. The method of claim $70, wherein controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolysis temperature range. 

575. The method of claim 57(A wherein the one or more heat sources comprise 
electrical heaters. ?C 7\ 

576. The method of claim 570, wfterein the one or more heat sources comprise surface 
burners. \ \ 

577. The method of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

578. The method of claim 570, whereinvthe one or more heat sources comprise natural 
distributed combustors. \ 

579. The method of claim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the Formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 

580. The method of claim 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less man about 1 °C per day during 
pyrolysis. \ 
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581. The method of claim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes aAleast some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/da]r provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk densiMand wherein the heating rate is less than about 10 
°C/day. (M ^\ 

582. The method of claim 570, whereimallowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater tham about 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. I 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.11 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. I 
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586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges jrom about 0.001 to about 0.15. 

587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon^^oxyg 

589. The method of claim 570, whereinUHe produced mixture comprises condensable 
hydrocarbons, and wherein less than about! 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

591 . The method of claim 570, wherein the prbduced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 \% by weight of the condensable 
hydrocarbons are aromatic compounds. 

592. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with r lore than two rings. 



vl 
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593. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenesA 

594. The method of claim 570\ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboutp % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

595. The method of claim 570, wherein the produced mixture comprises a non- 
condensable component, wherein thdnpn~een(tensable component comprises hydrogen, 
wherein the hydrogen is greater tha^about 1(W> by volume of the non-condensable 
component, and wherein the hydrogeiits l«s than about 80 % by volume of the non- 
condensable component. \\ 

596. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

598. The method of claim 570, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar.\ 

599. The method of claim 570, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 

altering a pressure within the 
1 the formation having carbon 



600. The method of claim 570, further comprising 
formation to inhibit production of hydrocarbons fror 
numbers greater than about 25. 
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601. The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



602. The method of claim 5V0, further comprising: 

providing hydrogen (H^) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the Section with heat from hydrogenation. 



603. The method of claim 570,\wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbo*k~with aHpast a portion of the produced hydrogen. 

604. The method of claim 570, wfei'&ih allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein aj: least about 7 heat sources are disposed in 
the formation for each production well. 



608. The method of claim 570, further comprisW providing heat from three or more 
heat sources to at least a portion of the formation, wherein, three or more of the heat 
sources are located in the formation in a unit of hea\ sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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609. The method of claim\570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat . 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a hyurocarbon containing formation in situ, comprising: 
providing heat to at least a portion of a hydrocarbon containing formation such 

that a temperature (7) in a substantial part of the heated portion exceeds 270 °C and 
hydrocarbons are pyrolyzed within\the heated portion of the formation; 

controlling a pressure (p) within at least a substantial part of the heated portion of 
the formation; 

wherein^ > e [<-*'T) + B-»m . 

wherein p is the pressure u^b^absolut6 and T is the temperature in degrees K, 
and A and B are parameters that are larg^Ahan 10 and are selected in relation to the 
characteristics and composition of theinydrocarbon containing formation and on the 
required olefin content and carbon numper of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

61 1 . The method of claim 610, whereiA A is greater than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 

612. The method of claim 610, wherein 7Ais less than about 390 °C, p is greater than 
about 1 .4 bar, A is greater than about 44000, Wid b is greater than about 67, and a 
majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % by weight of olefins. 

613. The method of claim 610, wherein T is lfess than about 390 °C, p is greater than 
about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 
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produced pyrolyzed hydrocarbd^ fluids have an average carbon number lower than about 
21. 

614. The method of claim 610, jfurther comprising controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. 

615. The method of claim 610, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (W) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at l^asfsome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day p/^vi<^ef to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equajnon: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energWday, h is an average heating rate of the 
formation, ps is formation bulk density, alpd wherein the heating rate is less than about 10 
°C/day. 

616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in on^ or more heat sources to the heated portion 
of the formation. 



617. The method of claim 616, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters tor released by the hydrocarbon containing 
formation adjacent to a heater by an oxidant injected into the heater in or adjacent to 
which the combustion occurs and wherein at least part of the produced combustion gases 
are vented to surface via the heater in which the Combustion occurs. 



J 
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618. The method of claim 6$7, wherein heat is transferred substantially by conduction 
from one or more heat source&lto the heated portion of the formation such that the 
thermal conductivity of at leasttaart of the heated portion is substantially uniformly 
modified to a value greater thanmbout 0.6 W/m °C and the permeability of said part 
increases substantially uniformly! to a value greater than 1 Darcy. 

619. The method of claim 610, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon ttluids and H2, wherein a partial pressure of H 2 within 
the mixture flowing through the fomt^tion istereater than 0.5 Bar. 



620. The method of claim 6 
produced pyrolyzed hydrocarbon ffli 
and heating the fluids with heat frpn 



ler c& 



mprising, hydrogenating a portion of the 
tyid&^&ith at least a portion of the produced hydrogen 
ydrogenation . 



621 . The method of claim 610, whjprein the hydrocarbon containing formation is a coal 
seam and at least about 70% of the hydrocarbon content of the coal, when such 
hydrocarbon content is measured by a\Fischer assay, is produced from the heated portion 
of the formation. 

622. The method of claim 610, wherein die substantially gaseous pyrolyzed hydrocarbon 
fluids are produced from a production wfell, the method further comprising heating a 
wellbore of the production well to inhibi^ condensation of the hydrocarbon fluids within 
the wellbore. 



623. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the\one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 
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controlling a weight percentage of olefins of the produced mixture to be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in theYollowing equation for an assessed average temperature (7) in 
the selected section: 

„ [-57000/T + 83] 

p = e 

where p is measured in psia arid T is measured in ° Kelvin. 

624. The method of claim 62B, wherein the weight percentage of olefins of the 
produced mixture is controlled tcj be less than about 10 % by weight, and wherein the 
equation is: 

*r^~ e pKQ00/T + 28] 



625. The method of claim 623, w^rei^the weight percentage. of olefins of the 
produced mixture is controlled to be(|ess than about 5 % by weight, and wherein the 
equation is: 

V_ [-12000/T+22] 

P \ e 

626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons witmn the selected section of the formation. 

627. The method of claim 623, wherein tf^e one or more heat sources comprise 
electrical heaters. 

628. The method of claim 623, wherein the ope or more heat sources comprise surface 
burners. 

629. The method of claim 623, wherein the one \r more heat sources comprise 
flameless distributed combustors. 
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630. The method of claim 623, wherein the one or more heat sources comprise natural 
distributed combustors. 

63 1 . The method of claim 623 , further comprising controlling a temperature within at 
least a majority of the seleVted section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 

632. The method of claim 63 1, Wherein controlling an average temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

633. The method of claim 623, further corriprising controlling the heat such that an 
average heating rate of the selected secticAis less than about 3.0 °C per day during 
pyrolysis. \ 

634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

636. The method of claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

637. The method of claim\623, wherein providing heat from the one or more heat 
sources comprises heating theVelected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

638. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravimof^t4easl s about 25°. 

639. The method of claim 623, wherUn the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % iW vreight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ . 

640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein aboum). 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 vo about 0.15. 

642. The method of claim 623, wherein the produceamixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigttL when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. \ 
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643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and whereimless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 628, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

646. The method of claim 623, Wherein the/ 
1 5 hydrocarbons, and wherein greater thanraboiit 

hydrocarbons are aromatic compounds. ^ 

. 647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about ^% by weight of the condensable 
20 hydrocarbons comprises multi-ring aromaticsWith more than two rings. 

648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 %W weight of the condensable 
hydrocarbons are asphaltenes. \ 

25 \ 

649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

30 650. The method of claim 623, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



)duced mixture comprises condensable 
tO % by weight of the condensable 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

651 . The method of clarm 623, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

652. The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

653. The method of claim 623f1tu-ther comprising controlling formation conditions to 
produce a mixture of condensablei^y^oca^phs and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

654. The method of claim 623, wherem the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 

655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

657. The method of claim 623, further comprising: 

providing hydrogen (H 2 ) to the heated sectiomto hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from lwdrogenation. 
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658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method ofWim 623, wherein allowing the heat to transfer comprises 
increasing a permeability^of a majority of the selected section to greater than about 100 
millidarcy. 

660. The method of claim &3, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of claim 623, ftH^fieiTcoitorising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

662. The method of claim 623, wherevh producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit o^heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

664. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heatWmrces, wherein the unit of heat 
sources comprises a triangular pattern, and wherein aVplurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

665. A method of treating a hydrocarbon containing rormation in situ, comprising: 
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providingJieat from one or more heat sources to at least a portion of the 
formation; y 

allowing the neat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature tha\ will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than abour25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the following equation for an assessed average 
temperature (7) in the selected section: 

\ f7 ^- = ^[-14000/T + 25] 

where p is measured in psia ana^^sWeasurejfl in ° Kelvin. 

666. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixtureVs controlled to be less than about 20 % by 
weight, and wherein the equation is: \ 

p = M-I6000/T + 28] 

667. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 15 % by 
weight, and wherein the equation is: \ 

p = e [-1800WT + 32]^ 

668. The method of claim 662, wherein the onA or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

669. The method of claim 662, wherein the one or Wore heat sources comprise 
electrical heaters. \ 
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670. The method of claim 662, wherein the one or more heat sources comprise surface 
burners. \ 

671 . The method of claim 662, wherein the one or more heat sources comprise 
flameless distributee! combustors. 

672. The method of ckim 662, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

673. The method of claim 662, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 

674. The method of claim 673,. v^nerein controlling the temperature comprises 
maintaining a temperature within the selfecfSfr section within a pyrolysis temperature 
range. \ \ 

675. The method of claim 662, further comprising controlling the heat such that an 
average heating rate of the selected section is\ess than about 1 °C per day during 
pyrolysis. \ 

676. The method of claim 662, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has\an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 



371 



Conley, Rose & Tayon, P.C. 



wnerein Pwr is the heating energy/day, h is an average heating rate of the 
formation, A is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

677. The methodof claim 662, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

678. The method of claim 662, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons having an API grav^^f^tjeast about 25°. 

680. The method of claim 662, wmereinrate produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 Vo by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

68 1 . The method of claim 662, whereinUhe produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abou\ 0.001 to about 0.15. 

682. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % iW weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

683. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 
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684. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons\and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

685. The methoo\pf claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compriskoxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

686. The method of claim\>62, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 662, whereinthe produced mixture comprises condensable 
hydrocarbons, and wherein lessihan about 5 % s by weight of the condensable 
hydrocarbons comprises multi-nng^omatics with more than two rings. 

688. The method of claim 662, wherfeinthe produced mixture comprises condensable 
hydrocarbons, and wherein less than abouftO.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

689. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

690. The method of claim 662, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 
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69 1 . The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein greateXthan about 0.05 % by weight of the produced mixture is ammonia. 

692. The methockof claim 662, wherein the produced mixture comprises ammonia, and 
wherein the ammoniJi is used to produce fertilizer. 

693. The method of cfaim 662, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greatervthan about 0.5 bar. 

694. The method of claim--6£^whereiiJ the partial pressure of H2 is measured when the 
mixture is at a production well. /\ // 

695. The method of claim 662, further comprising altering a pressure within the 
formation to inhibit production of hyorocarbons from the formation having carbon 
numbers greater than about 25. \ 

696. The method of claim 662, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heiat from hydrogenation. 

697. The method of claim 662, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

698. The method of claim 662, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 
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699. The method of claim 662, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

700. The method of claim 662, further comprising controlling the heat to yield greater 
than about 60 % by wVight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

701 . The method of claim 662, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

702. The method of claim 662\ further comprising providing heat from three or more 
heat sources to at least a portion oiLthg^^ wherein three or more of the heat 
sources are located in the fora^tionun a unit oflheat sources, and wherein the unit of heat 
sources comprises a triangular patterEL A J 

703. The method of claim 662, furth*^omprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

704. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and \ 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1.7 by controlling average pressure aid average temperature in the 
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selected section s\ich that the average pressure in the selected section is greater than the 
pressure (p) set form in the following equation for an assessed average temperature (T) in 
the selected section: \ 

\ p = e [-38000/T + 61] 

where p is measured in psia and T is measured in ° Kelvin. 

705. The method of claim V04, wherein the atomic hydrogen to carbon ratio of the 

produced mixture is controlled to be greater than about 1.8, and wherein the equation is: 

\ p = e [-nooo/r + 24]^ 

706. The method of claim 704 ,whefeii*4he atomic hydrogen to carbon ratio of the 
produced mixture is controlled to42&greater thafy about 1.9, and wherein the equation is: 

707. The method of claim 704, wherein me one or more heat sources comprise at least 
two heat sources, and wherein superposixdon of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

708. The method of claim 704, wherein tne one or more heat sources comprise 
electrical heaters. \ 

709. The method of claim 704, wherein thevone or more heat sources comprise surface 
burners. \ 

710. The method of claim 704, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

711. The method of claim 704, wherein the one pr more heat sources comprise natural 
distributed combustors. 1 
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712. The method of claim 704, further comprising controlling a temperature within at 
least a majority oXthe selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperatur^ within the selected section within a pyrolysis temperature 
range. 
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10 714. The method of claim Y04, further comprising controlling the heat such that an 
average heating rate of the selegtedLsection is less than about 1 °C per day during 
pyrolysis. 

715. The method of claim 704, Wiefein providing heat from the one or more heat 
15 sources to at least the portion of formation comprises: 

heating a selected volume (Fa of the hydrocarbon containing formation from the 
one or more heat sources, wherein the\formation has an average heat capacity (C v ) ? and 
wherein the heating pyrolyzes at least spme hydrocarbons within the selected volume of 
the formation; and 

20 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equatior 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and ^herein the heating rate is less than about 10 
25 °C/day. 



716. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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7 1 7. The method of claim 704, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of cmim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

719. The method of claim Y04, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abW 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

720. The method of claim 704, Wherem the produced mixture comprises non- 
condensable hydrocarbons, ^tfd^&rein abobt 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarEons are otefps. 

72 1 . The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whereima^ molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from a©out 0.001 to about 0.15. 

722. The method of claim 704, wherein fhe produced mixture comprises condensable 
hydrocarbons, and wherein less than about l\% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitWen. 

723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygei^. 

iced mixture comprises condensable 
height, when calculated on an atomic 
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724. The method of claim 704, wherein the proc 
hydrocarbons, and wherein less than about 1 % by 
basis, of the condensable hydrocarbons is sulfur. 



725. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds* comprise phenols. 

726. The method of clVim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and whereik greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic Compounds. 

727. The method of claim 7Q4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessman about 5 % by weight of the condensable 
hydrocarbons comprises mul^rim - aromaf^s^ with more than two rings. 

728. The method of claim 704, MiereuHhe produced mixture comprises condensable 
hydrocarbons, and wherein less tharffcbout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanea 

730. The method of claim 704, wherein theWoduced mixture comprises a non- 
condensable component, wherein the non-conoensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less thah about 80 % by volume of the non- 
condensable component. \ 

ed mixture comprises ammonia, and 
iroduced mixture is ammonia. 



73 1 . The method of claim 704, wherein the prodi 
wherein greater than about 0.05 % by weight of the 
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732. The methW of claim 704, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

733. The method offclaim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

734. The method of claim 704, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well.X 

735. The method of claim ^Q4 ^ furt her comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \\ 

736. The method of claim 704, wherem controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 704, further comprising: 

providing hydrogen (H2) to the heatecnsection to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heatyfrom hydrogenation. 

738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing theUieat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 
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740. The method of claim 704, wherein allowing the heat to transfer comprises 
substantially unifonnly increasing a permeability of a majority of the selected section. 

741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weignt of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

742. The method of claim 70^, wherein producing the mixture comprises producing 
the mixture in a production well, 2uid wherein at least about 7 heat sources are disposed in 
the formation for each production \^ell. 

743. The method of claim 704, fuftner compftsmg providing heat from three or more 
heat sources to at least a portion of tnH&rmation, wherein three or more of the heat 
sources are located in the formation in a unit of Meatsources, and wherein the unit of heat 
sources comprises a triangular pattern. 

744. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of Heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a hydrocarbon containingYormation in situ, comprising: 
providing heat from one or more heat sources toW least one portion of the 

formation; \ 

allowing the heat to transfer from the one or more neat sources to a selected 
section of the formation; \ 

controlling a pressure-temperature relationship withimat least the selected section 
of the formation by selected energy input into the one or moreVieat sources and by 
pressure release from the selected section through wellbores of the one or more heat 
sources; and \ 
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producing 1a mixture from the formation. 

746. The method of claim 745, wherein the one or more heat sources comprise at least 
two heat sources, and wierein superposition of heat from at least the two heat sources 
pyrolyzes at least some Hydrocarbons within the selected section of the formation. 

747. The method of clainry^45, wherein the one or more heat sources comprise at least 
two heat sources. \ 

748. The method of claim 745, wherein the one or more heat sources comprise surface 
burners. \ 

749. The method of claim 745, whgFem^Trrm^or more heat sources comprise 
flameless distributed combustors. \ 

750. The method of claim 745, wherein thfe one or more heat sources comprise natural 
distributed combustors. y 

75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745, further comprising\controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

753. The method of claim 745, wherein providing heatVrom the one or more heat 
sources to at least the portion of formation comprises: \ 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 
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whereik heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr — h*V*C v *p B 

wherein Pwr rs the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

754. The method of claim 745, wherein allowing the heat to transfer comprises 
transferring heat substantially b\ conduction. 

755. The method of claim 74§fwWein providing heat from the one or more heat 
sources comprises heating the setectejxsectidn such that a thermal conductivity of at least 
a portion of the selected section is greater tlran about 0.5 W/(m °C). 

756. The method of claim 745, wherein me produced mixture comprises condensable 
hydrocarbons having an API gravity of at leafet about 25°. 

757. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weighVto about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

758. The method of claim 745, wherein the producer mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % byVveight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

759. The method of claim 745, wherein the produced mixWe comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.\5. 
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760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, md wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

761 . The method onclaim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leswlian about\ % by weight, when calculated on an atomic 
basis, of the condensable hydWarbpns i^sulfiir. 

763. The method of claim 745, wlibrein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenolsA 

764. The method of claim 745, wherein tha produced mixture comprises condensable 
hydrocarbons, and wherein greater than about W % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

766. The method of claim 745, wherein the produced rmxture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weighty of the condensable 
hydrocarbons are asphaltenes. \ 
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767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, Vnd wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen isVreater than about 10 % by volume of the non-condensable 
component, and wherein tt^e hydrogen is less than about 80 % by volume of the non- 
condensable component. 

769. The method of claim 74V wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 4^bjrW5tgh^of the produced mixture is ammonia. 

770. The method of claim 745, wfterein tfi^roduced mixture comprises ammonia, and 
wherein the ammonia is used to proowe fertilizer. 

771 . The method of claim 745, further Comprising controlling a pressure within at least 
a majority of the selected section of the fonjiation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

772. The method of claim 745, further composing controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2,\wherein the partial pressure of H2 within 
the mixture is greater than about 0.5 bar. 



25 773. The method of claim 745, further comprisingVontrolling formation conditions to 
produce a mixture of condensable hydrocarbons and Pfc, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 
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774. The method of claim 745, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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775. The method of claim 745, further comprising altering a pressure within the 
formation to inhimt production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

776. The method of Maim 745, wherein controlling formation conditions comprises 
recirculating a portion ofUiydrogen from the mixture into the formation. 

777. The method of clain\745, further comprising: 

providing hydrogen (fib) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the^ecttorTWkh heat from hydrogenation. 

778. The method of claim 74$7^he/ein / tne produced mixture comprises hydrogen and 
condensable hydrocarbons, the meurpd further comprising hydrogenating a portion of the 
produced condensable hydrocarbonswith at least a portion of the produced hydrogen. 

779. The method of claim 745, whereVn allowing the heat to transfer comprises 
increasing a permeability of a majority on the selected section to greater than about 100 
millidarcy. \ 

780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

781 . The method of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at leasn about 7 heat sources are disposed in 
the formation for each production well. \ 
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783. The method of claim 745, further comprising providing heat from three or more 
heat sources toVt least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises 2i triangular pattern. 

784. The method oiVlaim 745, further comprising providing heat from three or more 
heat sources to at least abortion of the formation, wherein three or more of the heat 
sources are located in the ibrmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangumr pattern, and wherein a plurality of the units are repeated 
over an area of the formation \o form a repetitive pattern of units. 

785. A method of treating ^hydrocarbonscontaining formation in situ, comprising: 
heating a selected volume (V) oftiie hydrocarbon containing formation, wherein 
formation has an average heat capacity (c^), and wherein the heating pyrolyzes at least 
some hydrocarbons within the selectensyolume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 
wherein Pwr is the heating energy/day V* is an average heating rate of the formation, 
p B is formation bulk density, and wherein the Wating rate is less than about 10 °C/day. 

786. The method of claim 785, wherein heatiag a selected volume comprises heating 
with an electrical heater. \ 

787. The method of claim 785, wherein heating Aselected volume comprises heating 
with a surface burner. \ 

788. The method of claim 785, wherein heating a selected volume comprises heating 
with a flameless distributed combustor. \ 
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789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural attributed combustors. 

790. The methocTof claim 785, further comprising controlling a pressure and a 
temperature within atMeast a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

791 . The method of claim \85, further comprising controlling the heating such that an 
average heating rate of the selected volume is less than about 1 °C per day during 
pyrolysis. 

792. The method of claim 785Twbe?eiiy a vllue for C v is determined as an average heat 
capacity of two or more samples take\v fnWthe hydrocarbon containing formation. 

793. The method of claim 785, wherem heating the selected volume comprises 
transferring heat substantially by conduction. 

794. The method of claim 785, wherein heating the selected volume comprises heating 
the selected section such that a thermal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). \ 

795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 
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797. The mfethod of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

799. The method of clainV785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lefcs than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim 78§vWerein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaA about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

801. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785, wherein tha produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight td about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

803. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %\by weight of the condensable 
hydrocarbons are aromatic compounds. \ 
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804. The niethod of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalteuies. 

806. The method of claim V85, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclgalkaties. 

807. The method of claim 785, wherein the produced mixture comprises a non- 
condensable component, wherein tn^ non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than abcJtrt-lO % by volume of the non-condensable 
component, and wherein the hydrogen \s less than about 80 % by volume of the non- 
condensable component. V 

808. The method of claim 785, wherein Vhe produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

809. The method of claim 785, wherein thevproduced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 

810. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. \ 

811. The method of claim 785, further comprisinacontrolling formation conditions to 
produce a mixture from the formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 
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812. The method of claim 785, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

813. The method oftclaim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

814. The method of clairA785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claipff783u further chmprising: 

providing hydrogen (H^)^) the heated volume to hydrogenate hydrocarbons 
within the volume; and \ 

heating a portion of the volume with heat from hydrogenation. 

816. The method of claim 785 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

817. The method of claim 785 , further comprising increasing a permeability of a 
majority of the selected volume to greater than about 1 00 millidarcy. 

8 1 8. The method of claim 785, further composing substantially uniformly increasing a 
permeability of a majority of the selected volume. 

819. The method of claim 785 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 
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820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

82 1 . The method oft claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in thAformation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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10 822. The method of claim ^85, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fornlaqon inlrtHjit of heat sources, wherein the unit of heat 
sources comprises a triangul&ispateern, and jwherein a plurality of the units are repeated 
over an area of the formation to fown M^petitive pattern of units. 

15 

823. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or mo\e heat sources to at least a portion of the 
formation; 

allowing the heat to transfer fromUhe one or more heat sources to a selected 
20 section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one\or more heat sources such that an average 
heating rate of the selected section rises by loss than about 3 °C per day when the average 
temperature of the selected section is at, or abJjve, the temperature that will pyrolyze 
25 hydrocarbons within the selected section; and 

producing a mixture from the formationA 
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824. The method of claim 823, controlling heatWtput comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature^ of hydrocarbons within the 
formation; 
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limiting energy input into the one or more heat sources to inhibit increase in 
temperature ofuie selected section; and 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when production of formation fluid declines 
below a desired production rate. 

825. The method oftelaim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; \ 

limiting energy inputjfite^ke^me or more heat sources to inhibit increase in 
temperature of the selected^soction; and \ 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first \kmpfer^fure when quality of formation fluid produced 
from the formation falls below aVte§ired quality. 

826. The method of claim 823, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superoosition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbonawithin the selected section. 

827. The method of claim 823, wherkn the one or more heat sources comprise 
electrical heaters. \ 

828. The method of claim 823, whereimthe one or more heat sources comprise surface 
burners. \ 

829. The method of claim 823, wherein tha one or more heat sources comprise 
flameless distributed combustors. \ 

830. The method of claim 823, wherein the one or more heat sources comprise natural 
distributed combustors. \ 
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83 1 . The method 6f claim 823, further comprising controlling a pressure and a 
temperature withinW least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

5 a function of pressure.) 

832. The method of cl^im 823, wherein the heat is controlled that an average heating 
rate of the selected sectionNis less than about 1 .5 °C per day during pyrolysis. 

10 833. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

834. The method of claim ^23, wherein providing heat from the one or more heat 
sources to at least the portion of iorftiatioii comprises: 
15 heating a selected volume (TO of the hydrocarbon containing formation from the 

one or more heat sources, wherein thet formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least gpme hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provMed to the volume is equal to or less than Pwr, 
20 wherein Pwr is calculated by the equation! 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/d^, h is an average heating rate of the 
formation, p B is formation bulk density. 

25 835. The method of claim 823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



30 



836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section suck that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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837. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and whdrein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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839. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 

10 about 2.5 % by weight of the conde nsable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by / >v^ight of theVmdensable hydrocarbons. 

840. The method of claim 823, vMtereifei^ne produced mixture comprises non- 
condensable hydrocarbons, wherein ffsmolar ratio of ethene to ethane in the non- 

15 condensable hydrocarbons is less,than\abput 0. 15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

841 . The method of claim 823, wherein\the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons is less than abouf^O. 10 and wherein the ratio of ethene to 

ethane is greater than about 0.001 . 
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842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molanratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about O.O^and wherein the ratio of ethene to 
ethane is greater than about 0.001. 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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844. The method of claim 823 s wherein the produced mixture comprises condensable 
hydrocarbons, anil wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 845. The method of alaim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about sV/o by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen oontftrnkf* compounds, and wherein the oxygen 
containing compounds compose phenols. 
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847. The method of claim 823, wHerein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater thafo about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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848. The method of claim 823, whereinvthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about ft % by weight of the condensable 
hydrocarbons comprises multi-ring aromatios with more than two rings. 
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849. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 by weight of the condensable 
hydrocarbons are asphaltenes. 

850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight toybout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 85 1 . The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component\and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

853. The method ofYlaim 823, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



854. The method of claim<8p7Tarther comprising controlling a pressure within at least 
a majority of the selected Wtio^ of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

855. The method of claim 823, fuWer comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than abouio.5 bar. 

856. The method of claim 823, whereii\the partial pressure of H 2 is measured when the 
mixture is at a production well. 

857. The method of claim 823, further conWising altering a pressure within the 
formation to inhibit production of hydrocarbon^ from the formation having carbon 
numbers greater than about 25. 

858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising. 
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providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and \ 

heating abortion of the section with heat from hydrogenation. 

860. The methocfyof claim 823, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

861 . The method of claim 823, wherein allowing the heat to transfer comprises 
increasing a permeability 01 a majority of the selected section to greater than about 100 
millidarcy. \_ 

862. The method of claimSzfe^h^reiry allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

863 . The method of claim 823 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

864. The method of claim 823, wherem producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

865. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formamon, wherein three or more of the heat 
sources are located in the formation in a unit oVheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hea\ sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of tne formation to form a repetitive pattern of units. 

867. A method ontreating a hydrocarbon containing formation in situ, comprising: 
providing hea\ from one or more heat sources to at least a portion of the 

formation; to heat a selected section of the formation to an average temperature above 
about 270 °C; \ 

allowing the heat tX transfer from the one or more heat sources to the selected 
section of the formation; \ 

controlling the heat from the one or more heat sources such that an average 
heating rate of the selected section is less than about 3 °C per day during pyrolysis; and 

producing a mixture frowr llie fosjiation. 

868. The method of claim 867, Atae^in/the one or more heat sources comprise at least 
two heat sources, and wherein superofc^sition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbonsWmiin the selected section of the formation. 

869. The method of claim 867, wherqin the one or more heat sources comprise 
electrical heaters. \ 

870. The method of claim 867, further comprising supplying electricity to the electrical 
heaters substantially during non-peak hours\ 

871 . The method of claim 867, wherein the\one or more heat sources comprise surface 
burners. \ 

872. The method of claim 867, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

873. The method of claim 867, wherein the one dr more heat sources comprise natural 
distributed combustors. \ 
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874. The method of claim 867, further comprising controlling a pressure and a 
temperature withm at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

875. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of tne selected section is less than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 

876. The method of claim ©67, wherein the heat is further controlled that an average 
heating rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 

877. The method of clainN£6AJ^ereinAhe heat is further controlled such that an 
average heating rate of the selected sj£tion is less than about 1 °C per day during 
pyrolysis. \ \ 

878. The method of claim 867; wlrerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C*p B \ 

wherein Pwr is the heating energy/dajr, h is an average heating rate of the 
formation, p B is formation bulk density. \ 

879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 
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880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

881 . The method of clann 867, wherein the produced mixture comprises condensable 
hydrocarbons having an AP\ gravity of at least about 25°. 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

883. The method of claim 8o7^wWem the/produced mixture comprises non- 
condensable hydrocarbons, and wher&n^afSout 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are< olefins. 

884. The method of claim 867, whereiAthe produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than abow 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . \ 

885. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % toy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogeui. 

886. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 
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887. The rrtethod of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, Vid wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, whereinvabout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise Vxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wheraST^rater thah^bout 20 % by weight of the condensable 

890. The method of claim 86a. nherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanfebout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arWiatics with more than two rings. 

891 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

892. The method of claim 867, wherein thi produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by Wolume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greateXthan about 0.05 % by weight of the produced mixture is ammonia. 



895. The methodof claim 867, wherein the produced mixture comprises ammonia, and 
wherein the ammoniais used to produce fertilizer. 

896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. \ 

897. The method of claKQ^86A furth^vcomprising controlling formation conditions to 
produce a mixture of condensaWewydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than\boxit 0.5 bar. 

898. The method of claim 897, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 

899. The method of claim 867, further Comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

901 . The method of claim 867, further comprising: 

providing hydrogen (H2) to the heated sectrbn to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

904. The method of claim 867, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

905. The method of claim£w7fuTther comprising controlling the heat to yield greater 
than about 60 % by weighf<ifcoladensable hydrocarbons, as measured by the Fischer 
Assay. A // 

906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production welA 

907. The method of claim 867, furthencomprising providing heat from three or more 
heat sources to at least a portion of the foirnation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

908. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

909. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing^heat from one or more heat sources to at least a portion of the 
formation; 

allowing thereat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixWe from the formation through at least one production well; 

monitoring a temperature at or in the production well; and 

controlling heat inpuj to raise the monitored temperature at a rate of less than 
about 3 °C per day. 

910. The method of claim 90^^terafkfce one or more heat sources comprise at least 
two heat sources, and whereki superposition <bf heat from at least the two heat sources 
pyrolyzes at least some hydrocafbtWwitiii^the selected section of the formation. 

911. The method of claim 909, wheffe(n the one or more heat sources comprise 
electrical heaters. 

912. The method of claim 909, whereii\the one or more heat sources comprise surface 
burners. 

913. The method of claim 909, wherein th^ one or more heat sources comprise 
flameless distributed combustors. 

914. The method of claim 909, wherein the oije or more heat sources comprise natural 
distributed combustors. 

915. The method of claim 909, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatur^, or the temperature is controlled as 
a function of pressure. 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selefcted section is less than about 1 °C per day during pyrolysis. 

917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least tnfe portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sourceV wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolvzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by me_£Qiiation: 

Pwr = h*V*C v *p B Q \ 

wherein Pwr is the heatiiTgranergymay, h is an average heating rate of the 
formation, p B is formation bulk dermtyr 

918. The method of claim 909, whesern allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

919. The method of claim 909, whereinWoviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

921. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight \o about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

922. The method of claim 909, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensabld hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

923. The methW of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and Vherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

924. The method of cmim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

925. The method of claim Qd^TwE^msthe produced mixture comprises condensable 
hydrocarbons, and wherein fess jhan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarttoiK^s sulfur. 

926. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols\ 

927. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than aboift 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % b\ weight of the condensable 
hydrocarbons comprises multi-ring aromatics withvmore than two rings. 

929. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 
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930. The memod of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, anil wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrooarbons are cycloalkanes. 

93 1 . The method of Wim 909, wherein the produced mixture comprises a non- 
condensable componentAwherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is gWter than about 10 % by volume of the non-condensable 
component, and wherein tha hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

932. The method of clainy^tM wheremsthe produced mixture comprises ammonia, and 
wherein greater than about 0j5§^\by weight of the produced mixture is ammonia. 

933. The method of claim 909,\nerein the produced mixture comprises ammonia, and 
wherein the ammonia is used to prodube fertilizer. 

934. The method of claim 909, furtheAcomprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. \ 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar.\ 

936. The method of claim 935, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. \ 

937. The method of claim 909, further comprising altering a pressure within the 
formation, to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

939. The method of claim 909, further comprising: 

providing H2 to th\ heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portion of trie section with heat from hydrogenation. 
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940. The method of claim 909\wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocaxbfm^ith atlfc^st a portion of the produced hydrogen. 

941 . The method of claim 909, wheiSin ^k5wing the heat to transfer comprises 
increasing a permeability of a majority^* the selected section to greater than about 100 
millidarcy. 

942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claim 909, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



25 944. The method of claim 909, wherein producing the mixture comprises producing 

the mixture in a production well, and wherein at leas^about 7 heat sources are disposed in 
the formation for each production well. 
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945. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

946. The method ofclaim 909, further comprising providing heat from three or more 
heat sources to at least apportion of the formation, wherein three or more of the heat 
sources are located in theVormation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

947. A method of treating a nvdrocarbon containing formation in situ, comprising: 
heating a portion of the filiation to a temperature sufficient to support oxidation 

of hydrocarbons within the pc(rtiom wherein the portion is located substantially adjacent 

to a wellbore; ^/C 

flowing an oxidant through aJtonduit positioned within the wellbore to a heat 

source zone within the portion, whereiVthe heat source zone supports an oxidation 

reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidant with hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 

formation to pyrolyze at least a portion of me hydrocarbons within the pyrolysis zone. 

948. The method of claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portion above abo\jt 400 °C. 

tduit comprises critical flow orifices, the 
tough the critical flow orifices to the 

950. The method of claim 947, further comprising^ removing reaction products from the 
heat source zone through the wellbore. \ 



949. The method of claim 947, wherein the col 
method further comprising flowing the oxidant tl 
heat source zone. 
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95 1 . The method of claim 947, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

952. The methockof claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. The method of clkim 947, further comprising heating the conduit with reaction 
products being removed tnrough the wellbore. 

954. The method of claim 947, wherein the oxidant comprises hydrogen peroxide. 

955. The method of claim 9£7?rtvKersm the oxidant comprises air. 

956. The method of claim 947, wMrern the oxidant comprises a fluid substantially free 
of nitrogen. \ 

957. The method of claim 947, furthencomprising limiting an amount of oxidant to 
maintain a temperature of the heat source eone less than about 1200 °C. 

958. The method of claim 947, wherein h&ating the portion of the formation comprises 
electrically heating the formation. \ 

959. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed comoustor. 

961 . The method of claim 947, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 
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controlled as\a function of temperature, or the temperature is controlled as a function of 
pressure. \ * 

962. The method of claim 947, further comprising controlling the heat such that an 
average heating rateyof the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 
pyrolysis zone such thafta thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). 

964. The method of claiim947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zoas-eftije formation, wherein the controlled pressure is at 
least about 2.0 bar absolut^. \ \ 

965. The method of claim 947, further comprising: 

providing hydrogen (H2) to thfevpyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and \ 

heating a portion of the pyrolysis zone with heat from hydrogenation. 

966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. \ 

967. The method of claim 947, wherein transferring generated heat comprises 
substantially uniformly increasing a permeabiliW of a majority of the pyrolysis zone. 

968. The method of claim 947, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

969. The method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 
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970. The method of claim 947, wherein the wellbore is located along strike to increase 
uniformity of heaWg along a heated length of the wellbore. 

971 . The method oV claim 947, wherein the wellbore is located along strike to increase 
control of heating alonjka heated length of the wellbore. 

972. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into\a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the^oaMt^o the hydrocarbons; 

allowing the oxidanKand tne hydrocarbons to react to produce heat in a heat 
source zone; J 

allowing heat to transfer fnmVhe treat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portioimrf the hydrocarbons within the pyrolysis zone; 
and \ 

removing reaction products such mat the reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 

973. The method of claim 972, wherein heating the portion of the formation comprises 
raising the temperature of the portion above aWut 400 °C. 

974. The method of claim 972, wherein heatiftg the portion of the formation comprises 
electrically heating the formation. \ 

975. The method of claim 972, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 
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976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 
method furtheAomprising flowing the oxidant through the critical flow orifices to the 
heat source zoneX 

977. The method ot claim 972, wherein the conduit is located within a wellbore, 
wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. 

978. The method of claim V72, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

979. The method of claim^2,Vurther comprising transporting the oxidant from the 
conduit to the heat source zone^u^ai^allj^y diffusion. 

980. The method of claim 972, wH&tein the conduit is located within a wellbore, the 
method further comprising heating the conduit with reaction products being removed 
through the wellbore to raise a temperature of the oxidant passing through the conduit. 

981 . The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 

982. The method of claim 972, wherein the Oxidant comprises air. 

983. The method of claim 972, wherein the oxidant comprises a fluid substantially free 
of nitrogen. \ 

984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

985. The method of claim 972, further comprising linking an amount of oxidant to 
maintain a temperature of the heat source zone at a temperature that inhibits production 
of oxides of nitrogen. \ 
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986. The method of claim 972, wherein heating a portion of the formation to a 
temperaturessufficient to support oxidation of hydrocarbons within the portion further 
comprises hea^ng with a flameless distributed combustor. 

987. The methoaspf claim 972, further comprising controlling a pressure and a 
temperature within arteast a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled assa function of temperature, or the temperature is controlled as a 
function of pressure. \ 

988. The method of claim^STlurAer comprising controlling the heat such that an 
average heating rate of the^pyrolWs zom is less than about 1 °C per day during pyrolysis. 

989. The method of claim 972,\raerein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 9i?2, wherein allowing heat to transfer comprises 
heating the pyrolysis zone such that a thermal conductivity of at least a portion of the 
pyrolysis zone is greater than about 0.5 W/(m °C). 

991. The method of claim 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. \ 

992. The method of claim 972, further comprising.\ 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and \ 

heating a portion of the pyrolysis zone with heat from hydrogenation. 
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993. The mettiod of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyro lysis zone to greater than about 100 
millidarcy. \ 

994. The method oftlaim 972, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyro lysis zone. 

995. The method of claimN972, further comprising controlling the heat to yield greater 
than about 60 % by weight of Condensable hydrocarbons, as measured by the Fischer 
Assay. 

996. An in situ method forheattOj^a hydrocarbon containing formation, comprising: 
heating a portion of the foimk^n to a temperature sufficient to support reaction 

of hydrocarbons within the portion o£me formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a neat source zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the heat source zone to generate heat in the heat source zone; and 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. \ 

997. The method of claim 996, further comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. \ 

998. The method of claim 996, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

999. The method of claim 996, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. \ 
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1000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further cbmprising removing an oxidation product from the formation through 
the conduit. \ 

1001 . The method of Wim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferrins substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. 

1002. The method of claim 995, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate ofjhejoxi&zing fluid in the conduit is approximately 
equal to a flow rate of the oxid^on product lfo the conduit. 

1003. The method of claim 996, whaAn a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. \ 

1004. The method of claim 996, wherein a cen\er conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the otoening through the center conduit and 
removing an oxidation product through the outer conduit. 

1005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0. 1 5 m. \ 

1006. The method of claim 996, wherein heating the portion comprises applying 
electrical current to an electric heater disposed within the opening. 
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1007. The method of claim 996, wherein the pyrolysis zone is substantially adjacent to 
the heat source zone. 

1008. The method of claim 996, further comprising controlling a pressure and a 
temperature withiaat least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

1009. The method of claim 996, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1010. The method of claim 99<£<whe{ein allowing the heat to transfer comprises 
transferring heat substantially fty^onduction. 

1011. The method of claim 996, ^fckfcerfi allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at least a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). 

1012. The method of claim 996, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein th^ controlled pressure is at least about 2.0 bar 
absolute. 

1013. The method of claim 996, further comprising: 
providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 



1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis ^one to greater than about 100 
millidarcy. 
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1015. The method of claim 996, wherein allowing the heat to transfer comprises 
substantially Vniformly increasing a permeability of a majority of the pyrolysis zone. 

1016. The method of claim 996, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

1017. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; f \ \ 

producing a mixture fromffie formation; and 

maintaining an average temrorature within the selected section above a minimum 
pyrolysis temperature and below a valorization temperature of hydrocarbons having 
carbon numbers greater than 25 to inhibit production of a substantial amount of 
hydrocarbons having carbon numbers greater than 25 in the mixture. 

1018. The method of claim 1017, whereiAthe one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1019. The method of claim 1017, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 
temperature range. \ 

1020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. \ 



419 



Conley, Rose & Tayon, P C. 



1021. The method of claim 1017, wherein the one or more heat sources comprise 
surface burners\ * 

1022. The methockof claim 1017, wherein the one or more heat sources comprise 
flameless distributedVombustors. 

1023. The method of cmim 1017, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1024. The method of claimV017, wherein the minimum pyrolysis temperature is greater 
than about 270 °C. \ 

1025. The method of claim lOny^erein the vaporization temperature is less than 
approximately 450 °C at atmospheric jw^ssure. 

1 026. The method of claim 1017, fUMier comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1 027. The method of claim 1017, further comprising controlling the heat such that an 
average heating rate of the selected section ik less than about 1 °C per day during 
pyrolysis. \ 

1 028. The method of claim 1017, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /z*K*(C v *p B 

wherein Pwr isSthe heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1029. The method of claimVoi7, wherein allowing the heat to transfer comprises 
transferring heat substantially W conduction. 

1030. The method of claim TOiX^hereim providing heat from the one or more heat 
sources comprises heating the sel ected fe(rmation such that a thermal conductivity of at 
least a portion of the selected sectiorws greater than about 0.5 W/(m °C). 

1 03 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1032. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by\weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1033. The method of claim 1017, wherein th& produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefin^. 

duced mixture comprises non- 
\f ethene to ethane in the non- 
ahd wherein the ratio of ethene to 



1 034. The method of claim 1017, wherein the pri 
condensable hydrocarbons, wherein a molar ratio i 
condensable hydrocarbons is less than about 0.15, 
ethane is greater than about 0.001. 
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1035. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1036. The method orclaim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1037. The method of claim rOlJVwherein the produced mixture comprises condensable 
hydrocarbons, and wherein^essVhan abbut 1 % by weight, when calculated on an atomic 
basis, of the condensable hytfcogarbpns is sulfur. 

1038. The method of claim 101 7, \fcherem the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols 

1039. The method of claim 1017, whereinvthe produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

1040. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % bV weight of the condensable 
hydrocarbons comprises multi-ring aromatics withvmore than two rings. 

1 04 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 
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1042. The memod of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1043. The method of Maim 1017, wherein the produced mixture comprises a non- 
condensable componentWherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein theyhydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

1044. The method of claim L&iTwhereir^e produced mixture comprises ammonia, 
and wherein greater than aboujO.OS % by weight of the produced mixture is ammonia. 

1045. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to pr&shice fertilizer. 

1046. The method of claim 1017, furthen comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. \ 

1048. The method of claim 1047, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. \ 

1 049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture inra the formation. 

1050. The method of claim 1017, further comprising: \ 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

1051. The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hyorocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability o^ a majority of the selected section to greater than about 100 
millidarcy. 

1053. The method of cl^mJI2JJZ 3 vwadrein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1054. The method of claim 1017, ^ufther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1055. The method of claim 1017, wherfein producing the mixture comprises producing 
the mixture in a production well, and whefein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit ojheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1057. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hea\ sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of me formation to form a repetitive pattern of units. 

1058. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation: 

controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having\carbon numbers greater than 25; and 

producing a mixtureUrom the formation. 

1059. The method of clamUJL58, wheriin the one or more heat sources comprise at 
least two heat sources, and whe^eir^juperposition of heat from at least the two heat 
sources pyrolyzes at least some Hydrocarbons within the selected section of the 
formation. \ \ 

1060. The method of claim 1058, wherein the one or more heat sources comprise 
electrical heaters. \ 

1061. The method of claim 1058, wherein the one or more heat sources comprise 
surface burners. \ 

1062. The method of claim 1058, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1063. The method of claim 1058, wherein theWe or more heat sources comprise natural 
distributed combustors. \ 

1064. The method of claim 1058, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ » 

1065. The methbd of claim 1064, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 

1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1067. The method of cjaim M)58, whebein providing heat from the one or more heat 
sources to at least the portion oMb^ation comprises: 

heating a selected volurr^ (V) of the hydrocarbon containing formation from the 
one or more heat sources, whereiivttie formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = A*F*C v */> fl \ 

wherein Pwr is the heating energwday, h is an average heating rate of the 
formation, p B is formation bulk density, ana wherein the heating rate is less than about 10 
°C/day. \ 

1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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1070. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1071. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and ^therein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1072. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons\and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1073. The method of clakffl058, whetein the produced mixture comprises non- 
condensable hydrocarbonVwher&n a malar ratio of ethene to ethane in the non- 
condensable hydrocarbons is le4 than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 l\A 

1074. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons isVitrogen. 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1076. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % byWeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

1077. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 



427 



Conley, Rose & Tayon, P C. 



hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containingVompounds comprise phenols. 

1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, akd wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1079. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprisesunulti-ring aromatics with more than two rings. 

1080. The method of dwm 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wheremJEss thanjabout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenesA 

1081 . The method of claim 1038, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about >5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

1083. The method of claim 1058, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1084. The method of claim 1058, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1085. The method of claim 1058, further comprising controlling the pressure within at 
least a majorityW the selected section of the formation, wherein the controlled pressure 
is at least about 2jQ bar absolute. 

1086. The method ols claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1087. The method of clairA 1086, wherein the partial pressure of H 2 is measured when 
the mixture is at a productionVvell. 

1088. The method of claiirf^O^S, wheremscontrolling formation conditions comprises 
recirculating a portion of hydrSgOTfrom fhe mixture into the formation. 

1089. The method of claim 1058,Nurther comprising: 

providing hydrogen (H2) to thaheated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1090. The method of claim 1058, whereimthe produced mixture comprises hydrogen 
and condensable hydrocarbons, the method Wther comprising hydrogenating a portion of 
the produced condensable hydrocarbons witmat least a portion of the produced hydrogen. 

1 09 1 . The method of claim 1 05 8, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

the heat to transfer comprises 
1 majority of the selected section. 



1092. The method of claim 1058, wherein allowir 
substantially uniformly increasing a permeability of 
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1093. The method of claim 1058, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

1094. The method of claim 1058, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formaJieiTTTrasimit of heat sources, and wherein the unit of heat 
sources comprises a triangul^pattern. J 

1096. The method of claim 1058\urther comprising providing heat from three or more 
heat sources to at least a portion of tn^ formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1097. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and \ 

producing a mixture from the formationAwherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. \ 

1098. The method of claim 1097, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ * 

1099. The method <k claim 1097, wherein the one or more heat sources comprise 
electrical heaters. \ 

1 100. The method of claim 1097, wherein the one or more heat sources comprise 
surface burners. \ 

1101. The method of claim 1 097, wherein the one or more heat sources comprise 
flameless distributed combustoA 

1 1 02. The method of claim 1 W^where/n the one or more heat sources comprise natural 
distributed combustors. \ \ 

1 103. The method of claim 1097, furth^vcomprising controlling a pressure and a 
temperature within at least a majority oMie selected section of the formation, wherein 
the pressure is controlled as a function of\emperature, or the temperature is controlled as 
a function of pressure. \ 

1 1 04. The method of claim 1097, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. \ 

1 105. The method of claim 1097, further comprising controlling the heat such that an 
average heating rate of the selected section is less man about 1 °C per day during 
pyrolysis. \ 

1 106. The method of claim 1097, wherein providingWat from the one or more heat 
sources to at least the portion of formation comprises: \ 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating nyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heatingWergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /z*F*C v *pA 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1 107. The method of claim 109^ wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1108. The method of claim 1 09\L wherein providing heat from the one or more heat 
sources comprises heating the selecte^ormaxion such that a thermal conductivity of at 
least a portion of the selected section isJgreater than about 0.5 W/(m °C). 

1 109. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at feast about 25°. 

1110. The method of claim 1097, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1111. The method of claim 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about OA % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

iuced mixture comprises non- 
i ethene to ethane in the non- 



1112. The method of claim 1097, wherein the prot 
condensable hydrocarbons, wherein a molar ratio oi 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than' about 0.001 . 

1113. The method of Vlaim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Wlrocarbons is nitrogen. 

1114. The method of claim \097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less, than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1115. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^fArt5ntit>l % by weight, when calculated on an atomic 
basis, of the condensable hydrocabbonteis suljfur. 

1116. The method of claim 1097, whereKn the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weignt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

1117. The method of claim 1097, wherein tha produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2y % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

1118. The method of claim 1097, wherein the prdduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with rnore than two rings. 

1119. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by wetight of the condensable 
hydrocarbons are asphaltenes. \ 
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1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1121. The method of claim 1 097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

1 122. The method of claim lG97^herein the produced mixture comprises ammonia, 
and wherein greater than about cKQ5 % jSyweight of the produced mixture is ammonia. 

1 123. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 124. The method of claim 1097, further comprising controlling a pressure within at 
least a majority of the selected section of me formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar A 

1 126. The method of claim 1 125, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. \ 

1 127. The method of claim 1097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 
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1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portionW hydrogen from the mixture into the formation. 

1 129. The method of claim 1097, further comprising: 

providing hydrogeA (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1 130. The method of claim 10917, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1131. The method of claim 1097, wKetein alioiving the heat to transfer comprises 
increasing a permeability of a majority ofcthe selected section to greater than about 100 
millidarcy. \\ 

1 132. The method of claim 1097, wherein Allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

lg the mixture comprises producing 
it about 7 heat sources are disposed in 

1135. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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1 1 34. The method of claim 1 097, wherein produc^ 
the mixture in a production well, and wherein at lea 
the formation for each production well. 



sources are locatedun the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 136. The method of cdaim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formatiomto form a repetitive pattern of units. 

1 137. A method of treating a Hydrocarbon containing formation in situ, comprising: 
heating a section of the formation to a pyrolysis temperature from at least a first 

heat source, a second heat soun^and l^flrird heat source, and wherein the first heat 
source, the second heat source ajad the third heat source are located along a perimeter of 
the section; \ 

controlling heat input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the\section to a rate configured to produce a mixture 
from the formation with an olefin content of less than about 15% by weight of 
condensable fluids (on a dry basis) withimthe produced mixture; and 

producing the mixture from the formation through a production well. 

iperposition of heat form the first heat 
rce pyrolyzes a portion of the hydrocarbons 

rolysis temperature is between about 

1 140. The method of claim 1137, wherein the first heat source is operated for less than 
about twenty four hours a day. ' 



1138. The method of claim 1137, wherein ; 
source, second heat source, and third heat soi 
within the formation to fluids 



1139. The method of claim 1137, wherein the 
270 °C and about 400 °C. 
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1141. The method of Maim 1137, wherein the first heat source comprises an electrical 
heater. \ 

1 142. The method of clairA 1 137, wherein the first heat source comprises a surface 
burner. \ 

1 143. The method of claim 1 ll57, wherein the first heat source comprises a flameless 
distributed combustor. \ 

1 144. The method of claim 1 137Awherein the first heat source, second heat source and 
third heat source are positioned substantially at apexes of an equilateral triangle. 

1 145. The method of claim 1 137, wlSWm the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

1 146. The method of claim 1137, further comprising a fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 

1 147. The method of claim 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. \ 

1 148. The method of claim 1 147, wherein tha production well is located substantially at 
a center of the hexagon. \ 

1 149. The method of claim 1137, further composing controlling a pressure and a 
temperature within at least a majority of the sectiqn of the formation, wherein the 
pressure is controlled as a function of temperatureAor the temperature is controlled as a 
function of pressure. \ 
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1 1 50. The method of clair 
maintaining the temperatur< 
range. 

1151. The method of claim 1 1^7, further comprising controlling the heat such that an 
average heating rate of the section is less than about 3 °C per day during pyrolysis. 

1 152. The method of claim 1 137, further comprising controlling the heat such that an 
average heating rate of the section isuess than about 1 °C per day during pyrolysis. 

1 153. The method of claim 1137, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of tl ^e hy drocarbon containing formation from the 
one or more heat sources, wherein the ^miAationlaas an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least somdhyd!otarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ . 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, fris an average heating rate of the 
formation, p B is formation bulk density, and wher&in the heating rate is less than about 10 
°C/day. \ 

1 1 54. The method of claim 1137, wherein heating flhe section of the formation 
comprises transferring heat substantially by conducti&n. 

1155. The method of claim 1137, wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermkl conductivity of at least a 
portion of the section is greater than about 0.5 W/(m °C)\ 



1137, wherein controlling the temperature comprises 
l within the selected section within a pyrolysis temperature 
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1 156. The method of (claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 158. The method of claim M37, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 L 

1 159. The method of claim 1 13^ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tn&mb<XK 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarboAsus nitrogen. 

1 160. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1161. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about \l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 162. The method of claim 1137, wherein tme produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 
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1 163. The method of cflaim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 164. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 165. The method of claim 1 lb 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

1 166. The method of claim 1 137, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about Stfoby weight to about 30 % by weight of the 
condensable hydrocarbons are cycl(^lka^s. 

1 167. The method of claim 1137, whekein the produced mixture comprises a non- 
condensable component, wherein the n©n-condensable component comprises hydrogen, 
wherein the hydrogen is greater than abaut 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

1 168. The method of claim 1137, whereim the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 169. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 170. The method of claim 1137, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 1 
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1171. The method of claim 1137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1 1 72. The method of claim 1171, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1 173. The method of claim \l37, further comprising altering a pressure within the 
formation to inhibit productionW hydjpearbeas from the formation having carbon 
numbers greater than about 25. )f fj\ 

1 174. The method of claim 1 137, wft^rein controlling formation conditions comprises 
recirculating a portion of hydrogen from tn^iixture into the formation. 

1 175. The method of claim 1137, fiirthek comprising: 

providing hydrogen (H2) to the heared section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1 1 76. The method of claim 1137, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furthek comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at leak a portion of the produced hydrogen. 

1 177. The method of claim 1 137, heating the sectiomcomprises increasing a 
permeability of a majority of the section to greater thamabout 100 millidarcy. 

1 178. The method of claim 1 137, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 
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1 The method of claim 1137, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

1 1 80. The metiiod of claim 1137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1181. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a iWtiOnof tRbibrmation, wherein three or more of the heat 
sources are located in pe formation k/a unit of heat sources, and wherein the unit of heat 
sources comprises a trianguiaMattern. 

1 1 82. The method of claim 1 1 3X further comprising providing heat from three or more 
heat sources to at least a portion o&he formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern\and wherein a plurality of the units are repeated 
over an area of the formation to form a Repetitive pattern of units. 

1183. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and \ 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1 1 84. The method of claim 1 1 83, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. y 

1 1 85. The method onclaim 1 183, wherein the one or more heat sources comprise 
electrical heaters. \ 

1 1 86. The method of clami 1 1 83, wherein the one or more heat sources comprise 
surface burners. \ 

1 1 87. The method of claim lu 83, wherein the one or more heat sources comprise 
flameless distributed combustors.^. — ^ 

1 188. The method of claim 1 183iwherein the one or more heat sources comprise natural 
distributed combustors. \ \ 

1 1 89. The method of claim 1 1 83, fturther comprising controlling a pressure and a 
temperature within at least a majority if the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1 190. The method of claim 1 189, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. \ 

1191. The method of claim 1 183, further comprising controlling the heat such that an 
average heating rate of the selected section is lefcs than about 1 °C per day during 
pyrolysis. \ 

1 192. The method of claim 1 183, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (JO of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; anol 

wherein heading energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr ^h*V*C v \ B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation r>ulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1 193. The method of claim 1 ly83, wherein allowing the heat to transfer comprises 
transferring heat substantially byLCOftduction. 

1 1 94. The method of claim lTSl , wheijfei^providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected sectionis greater than about 0.5 W/(m °C). 

1 195. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of aAleast about 25°. 

1 196. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1 1 97. The method of claim 1183, wherein the Produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. \ 

1 198. The method of claim 1 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of qthene to ethane in the non- 
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condensable hydrocarbons is less than about 0.1 5, and wherein the ratio of ethene to 
ethane is greater man about 0.001. 

1 199. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 200. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Rtss.than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrWy&ons is sulfur. 

120L The method of claimTTsS, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 Wo W weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen coh&iining compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1202. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

1203. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 Vo by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1204. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 %W weight of the condensable 
hydrocarbons are asphaltenes. \ 

1205. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 
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1 206. The method of claim 1 1 83, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component 

1207. The method of claim 1 1 83, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1208. The method of claim 1 1 83^whErekn the produced mixture comprises ammonia, 
and wherein the ammonia is u^edV) produce! fertilizer. 

1209. The method of claim 1 1 83, further comprising controlling a pressure within at 
least a majority of the selected sectioir^f the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1210. The method of claim 1 183, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 ba 

1211. The method of claim 1211, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

1212. The method of claim 1 1 83, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons fron^the formation having carbon 
numbers greater than about 25. 

1213. The method of claim 1 183, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 
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1214. The method of claim 1183, further comprising : 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section\and 

heating a portion of the section with heat from hydrogenation. 

1215. The method of claim 1 1 83, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable Wirocarbons with at least a portion of the produced hydrogen. 

1216. The method of claim l\83, wherein allowing the heat to transfer comprises 
increasing a permeability of a nrajsritj^rf the selected section to greater than about 100 
millidarcy. ( \ ] 

1217. The method of claim 1 1 8 Jy vwierein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The method of claim 1 183, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

1219. The method of claim 1183, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

1220. The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heau sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

1221 . The method of claim 1 1 83, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wheretin three or more of the heat 
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sources are loWed in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of ink formation to form a repetitive pattern of units. 

1222. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat tb transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture itom the formation, wherein the produced mixture comprises 
condensable hydrocarbons, apowhereirNess than about 1 % by weight, when calculated 
on an atomic basis, of the coqd^sable/nydrocarbons is oxygen. 

1223. The method of claim 12^2, wherein the one or more heat sources comprise at 
least two heat sources, and whereinsuperposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1224. The method of claim 1222, wherem the one or more heat sources comprise 
electrical heaters. \ 

1225. The method of claim 1222, wherein tHe one or more heat sources comprise 
surface burners. \ 

1226. The method of claim 1222, wherein the cme or more heat sources comprise 
flameless distributed combustors. \ 

1227. The method of claim 1222, wherein the oneW more heat sources comprise natural 
distributed combustors. \ 
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1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure rs controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1229. The methochpf claim 1228, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 



1230. The method of claim 1222, further comprising controlling the heat such that an 



average heating rate of the sej| 
pyrolysis. 



Stion is less than about 1 °C per day during 



1 23 1 . The method of claim 1 2S2\wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (Vyof the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least so\pe hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1232. The method of claim 1222, wherein allowin^the heat to transfer comprises 
transferring heat substantially by conduction. 
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1233. THe method of claim 1222, wherein providing heat from the one or more heat 
sources corrrorises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1235. The method oftlaim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbon^ape-ofefifi^. 

1236. The method of clan^222, wtferein the produced mixture comprises non- 
condensable hydrocarbons, jWkwherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbmis are olefins. 

1237. The method of claim 1222, Mierein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than Vibout 0-15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . \ 

1238. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 239. The method of claim 1 222, wherein the Woduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % tW weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygenA 

1 240. The method of claim 1 222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 
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1241 . The mfethod of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1242. The method ofclaim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatA compounds. 

1243. The method of claim)ff222, whe^sin the produced mixture comprises condensable 
hydrocarbons, and wherein4es!B than ahfoiit 5 % by weight of the condensable 
hydrocarbons comprises multi-mig aromatics with more than two rings. 

1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanW)out 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by Wight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkaneb. 

1246. The method of claim 1222, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conaensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

:ced mixture comprises ammonia, 
he produced mixture is ammonia. 



1247. The method of claim 1222, wherein the proc 
and wherein greater than about 0.05 % by weight of 1 
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1248. Thk method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein\he ammonia is used to produce fertilizer. 

1249. The metnod of claim 1222, further comprising controlling a pressure within at 
least a majority oXthe selected section of the formation, wherein the controlled pressure 
is at least about 2.0 par absolute. 



10 



1250. The method ofWim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greatWjhan-a£>out 0.5 bar. 



15 



1251. The method of clkii»4250, wherein the partial pressure of H 2 is measured when 
the mixture is at a production Veil. 

1252. The method of claim 1222Murther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



20 



1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 



1254. The method of claim 1222, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with he& from hydrogenation. 



30 



1255. The method of claim 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furthencomprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1256. Theymethod of claim 1222, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
* 

millidarcy. 

1257. The method of claim 1222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1258. The method of claim 1222, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



0 



15 



20 



25 



1259. The method of cl^rfm 1^22, vyheiein producing the mixture comprises producing 
the mixture in a productioft"w©^\ ailcKvherein at least about 7 heat sources are disposed in 
the formation for each productid^well. 

1260. The method of claim 1222, father comprising providing heat from three or more 
heat sources to at least a portion of th& formation, wherein three or more of the heat 
sources are located in the formation in \ unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1261 . The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit af heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wharein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



1262. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or n\ore heat sources to a selected 
section of the formation; and 
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producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic bafeis, of the condensable hydrocarbons is sulfur. 

1263. The methoaof claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1264. The method of cj&im 1262, wherein the one or more heat sources comprise 
electrical heaters. f \ / / 

1265. The method of claim 12o2, wherein the one or more heat sources comprise 
surface burners. NA 

1266. The method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1267. The method of claim 1262, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected seAtion within a pyrolysis temperature 
range. \ 
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1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \\ 

1271 . The methocW claim 1262, wherein providing heat from the one or more heat 
sources to at least thevportion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyroljczes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating enprffiTdayjJttwided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tke equation: 

Pwr = /**F*C v *y9*^7C' 

wherein Pwr is the heatms energy/day, h is an average heating rate of the 
formation, p B is formation bulk denteity, and wherein the heating rate is less than about 10 
°C/day. \ 

1272. The method of claim 1262, wheVein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1273. The method of claim 1262, whereiA providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The method of claim 1262, wherein the proWced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 
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1276. ThV method of claim 1262, wherein the produced mixture comprises non- 
condensabletfiydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1277. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



10 1278. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein\ess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable h^arocarbonslfi nitrogen. 

1279. The method of claim l£o2, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein lessNmn about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



1281. The method of claim 1262, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein greater than about\20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



30 



1282. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % byWeight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1283. Thd method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbon!?, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1284. The methdd of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1285. The method of cmim 1262, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is grekt^ttran-^bout 10 % by volume of the non-condensable 
component, and wherein pe Wrogen is less than about 80 % by volume of the non- 
condensable component. (J 

1286. The method of claim 126SV wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1287. The method of claim 1262, wHerein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1288. The method of claim 1 262, furtheft comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. \ 

1290. The method of claim 1289, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. \ 
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1291 . Tnte method of claim 1262, further comprising altering a pressure within the 
formation ta inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1292. The method of claim 1262, wherein controlling formation conditions comprises 
recirculating a portron of hydrogen from the mixture into the formation. 

1 293 . The method of claim 1 262, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1294. The method of claim 1262, whepein the produced mixture comprises hydrogen 
and condensable hydrocarbons, tflie method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majorityW the selected section to greater than about 100 
millidarcy. \ 

1296. The method of claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

►rising controlling the heat to yield greater 
^carbons, as measured by the Fischer 

ig the mixture comprises producing 
t about 7 heat sources are disposed in 



1297. The method of claim 1262, further cor 
than about 60 % by weight of condensable hydr 
Assay. 



1298. The method of claim 1262, wherein produd 
the mixture in a production well, and wherein at leas! 
the formation for each production well. 
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1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to Vt least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises k triangular pattern. 

1 300. The method ofclaim 1262, further comprising providing heat from three or more 
heat sources to at least portion of the formation, wherein three or more of the heat 
sources are located in theVormation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formationyto form a repetitive pattern of units. 

1301. A method of treatkfe a lWracaibon containing formation in situ, comprising: 
raising a temperatufrrrf^]^ of the formation with one or more heat 

sources to a first pyrolysis temperature; 

heating the first section to any upper pyrolysis temperature, wherein heat is 
supplied to the first section at a rate configured to inhibit olefin production; 

producing a first mixture from me formation, wherein the first mixture comprises 
condensable hydrocarbons and H2; \ 

creating a second mixture from tha first mixture, wherein the second mixture 
comprises a higher concentration of H 2 thaii the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; \ 

providing a portion of the second mixrare to the second section; 
heating the second section to an upper pfcrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 
producing a third mixture from the second^ section. 

the second mixture comprises 
lixture. 



1 302. The method of claim 1301, wherein creating 
removing condensable hydrocarbons from the first 
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1303. The method of claim 1301, wherein creating the second mixture comprises 
removing waten from the first mixture. 

1304. The methou of claim 1301, wherein creating the second mixture comprises 
removing carbon dioxide from the first mixture. 

1305. The method of\laim 1301, wherein the first pyrolysis temperature is greater than 
about 270 °C. 

1306. The method of claii^ 1301, wherein the second pyrolysis temperature is greater 
than about 270 °C. 

1307. The method of claim l^ftl, Mierein the upper pyrolysis temperature is about 500 
°C. 

1308. The method of claim 1301 , Wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 

1309. The method of claim 1301, wherein the one or more heat sources comprise 
electrical heaters. 

1310. The method of claim 1301, wherein \he one or more heat sources comprise 
surface burners. 

1311. The method of claim 1301, wherein throne or more heat sources comprise 
flameless distributed combustors. 

1312. The method of claim 1301, wherein the oi\e or more heat sources comprise natural 
distributed combustors. 
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1313. The method of claim 1 30 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, whereiAthe pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1301, further comprising controlling the heat to the first and 
second sections such thatW average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 

1315. The method of claim l\oi, wherein heating the first and the second sections 
comprises: — ^ 

heating a selected voli^ne\F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein ^etiormation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and y 

wherein heating energy/day provided to the volume is equal to or less than Pw, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1316. The method of claim 1301, wherein heating the first and second sections 
comprises transferring heat substantially by conduction. 

1317. The method of claim 1301, wherein heatin&the first and second sections 
comprises heating the first and second sections suchuhat a thermal conductivity of at least 
a portion of the first and second sections is greater than about 0.5 W/(m °C). 
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1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1319. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

1320. The method of clkim 1301, wherein the first or third mixture comprises non- 
condensable hydrocarbons\and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1321 . The method of claim 1 301<TvhQrein the first or third mixture comprises 
condensable hydrocarbons, arin Wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensroleHiydrocarbons is nitrogen. 

1 322. The method of claim 1301, wnmrein the first or third mixture comprises 
condensable hydrocarbons, and whereinuess than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

1323. The method of claim 1301, wherein me first or third mixture comprises 
condensable hydrocarbons, and wherein less tlaan about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1324. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen contaimng compounds, and wherein the 
oxygen containing compounds comprise phenols. \ 

1 325. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. \ 
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1326. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

1327. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

1 328. The method of clairrAl 30 1 , wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbonsfare cyckalkanes. 

1 329. The method of claim 1301 ^wherein the first or third mixture comprises a non- 
condensable component, and whereifrtjie non-condensable component comprises 
hydrogen, and wherein the hydrogen i)s greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. \ 

1330. The method of claim 1301, whereinVhe first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1331. The method of claim 1301, wherein theVirst or third mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1332. The method of claim 1301, further comprising controlling a pressure within at 
least a majority of the first or second sections of theVormation, wherein the controlled 
pressure is at least about 2.0 bar absolute. \ 
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1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1334. The method of claim 1333, wherein the partial pressure of H2 within a mixture is 
measured when the* mixture is at a production well. 

1335. The method orclaim 1301, further comprising altering a pressure within the 
formation to inhibit proouction of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1336. The method of claim'lSOl, furthek comprising: 

providing hydrogen (Hzfto the/Fipst or second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion of the firstNor second section with heat from hydrogenation. 

1337. The method of claim 1301, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greaterthan about 100 millidarcy. 

1339. The method of claim 1301, further comprising substantially uniformly increasing 
a permeability of a majority of the first or second settion. 

1340. The method of claim 1301, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, asVneasured by the Fischer Assay. 
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1341. The method of claim 1301, wherein producing the first or third mixture comprises 
produbing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 

1 342. The mkhod of claim 1301, further comprising providing heat from three or more 
heat sources to aKleast a portion of the formation, wherein three or more of the heat 
sources are located \n the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a trtengular pattern. 

1343. The method of claim 1301, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formakjiHri^ sources, wherein the unit of heat 
sources comprises a triangular paibrn, add wherein a plurality of the units are repeated 
over an area of the formation to forma repetitive pattern of units. 

1344. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more neat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the Vie or more heat sources to a selected 
section of the formation; \ 

producing a mixture from the formation; and 

hydrogenating a portion of the produced mature with H2 produced from the 
formation. \ 

1345. The method of claim 1344, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heatVrom at least the two heat 
sources pyrolyzes at least some hydrocarbons within the sheeted section of the 
formation. \ 

1346. The method of claim 1344, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. \ 
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1347. The method of claim 1344, wherein the one or more heat sources comprise 
electrical heaters. 

1348. The method of claim 1344, wherein the one or more heat sources comprise 
surface burners. \ 

1349. The method of Maim 1344, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1350. The method of claim Y344, wherein the one or more heat sources comprise natural 
distributed combustors. V* ^\ 

1351. The method of claim 1 344,mirther comprising controlling a pressure and a 
temperature within at least a majoriro of the selected section of the formation, wherein 
the pressure is controlled as a function\of temperature, or the temperature is controlled as 
a function of pressure. \ 

1352. The method of claim 1 344, further Comprising controlling the heat such that an 
average heating rate of the selected section i\ less than about 1 °C per day during 
pyrolysis. \ 

1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation composes: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has\an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the voluJme is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B * 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B re formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1354. The methodW claim 1344, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1355. The method of claim 1344, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1356. The method of clair\1344, vtherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1358. The method of claim 1344, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abouAo.001 to about 0.15. 

1359. The method of claim 1 344, wherein the Woduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % tw weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 
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1361 . The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1362. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, wherein\about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1363. The method of claim IS 44, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein grea\er than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1364. The method of claim 1 3Vl>jAei^in/he produced mixture comprises condensable 
hydrocarbons, and wherein less than aftout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aronratics with more than two rings. 

1365. The method of claim 1344, whereinme produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.18 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

1366. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

1367. The method of claim 1 344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable\component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about «0 % by volume of the non- 
condensable component. \ 
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1368. The method of craim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1369. The method of claim K$44, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is us&d to produce fertilizer. 

1370. The method of claim 1344\ further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ — 

1371. The method of claim 1 344, filrther exposing controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. \ \ 

1 372. The method of claim 1 344, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well! 

1373. The method of claim 1344, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

1374. The method of claim 1 344, further comprising: 

providing hydrogen (H2) to the heated seation to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1375. The method of claim 1344, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 1 
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1376. The methodW claim 1344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight \f condensable hydrocarbons, as measured by the Fischer 
Assay. 



10 



1378. The method of claim 1344, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1 379. The method of claim 1 344, fu^hbf c&rfprising providing heat from three or more 
heat sources to at least a portion of the Vonitetion, wherein three or more of the heat 
sources are located in the formation in a\unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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1380. The method of claim 1 344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1381. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation; 

25 producing H2 from the first section of fornktion; 

heating a second section of the formation; ahd 

recirculating a portion of the H 2 from the firk section into the second section of 
the formation to provide a reducing environment witljin the second section of the 
formation. 
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1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

1383. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a surface burner. 

1384. The method of daim 1381, wherein heating the first section or heating the second 
section comprises heatina with a flameless distributed combustor. 

1385. The method of claim\l 381, wherein heating the first section or heating the second 
section comprises heating witk a natural distributed combustor. 

1386. The method of claim ltf&l , further comprising controlling a pressure and a 
temperature within at least a majesty of m^first or second section of the formation, 
wherein the pressure is controlled ks\function of temperature, or the temperature is 
controlled as a function of pressure^ 

Ler comprising controlling the heat such that an 
Ld section is less than about 1 °C per day during 

1388. The method of claim 1381, whereto heating the first section or heating the second 
section further comprises: \ 

heating a selected volume (V) of theWdrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 



1387. The method of claim 1381, 
average heating rate of the first or secc 
pyrolysis. 
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\ 

whereinVVr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

1 390. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating me formation such that a thermal conductivity of at least a 
portion of the first or secondisection is greater than about 0.5 W/(m °C). 

1391. The method of claim OSH7"ftIrther comprising producing a mixture from the 
second section, wherein the pS?omiced mixture comprises condensable hydrocarbons 
having an API gravity of at least about 25°. 1 

1 392. The method of claim 1381, nirther comprising producing a mixture from the 
second section, wherein the producea mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. \ 

1393. The method of claim 1381, furthen comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. \ 

1394. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture aomprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. \ 
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1 395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less thah about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

1 396. The method ol^claim 1381, further comprising producing a mixture from the 
second section, whereimthe produced mixture comprises condensable hydrocarbons, and 
wherein less than about lV/o by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons^-^tdftirr^^ 



1 397. The method &£ claim 1aS1 9 further comprising producing a mixture from the 



second section, wherein the proauced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to aoout 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. \ 

1398. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

1399. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture\comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. \ 

1400. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 
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1401. The method of claim 1381, further comprising producing a mixture from the 
second section, whef ein the produced mixture comprises condensable hydrocarbons, and 
wherein about SV% by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanesA 

1402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherem the produced mixture comprises a non-condensable component, 
wherein the non-condenkable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % b\ volume of the non-condensable component, and wherein the 
hydrogen is less than abpttt^O % by volhme of the non-condensable component. 

1403. The method of claim p81, furth^r>comprising producing a mixture from the 
second section, wherein the prbAced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of th^roduced mixture is ammonia. 

1404. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. \ 

1 405 . The method of claim 1381, furtheA comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. \ 

1 406. The method of claim 1381, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. \ 

1407. The method of claim 1406, wherein the partial pressure of H 2 within a mixture is 
measured when the mixture is at a production well! 
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1408. Tne method of claim 1381, further comprising altering a pressure within the 
formation tea inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 409. The method of claim 1 3 8 1 , further comprising: 

providing hydrogen (H2) to the second section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the second section with heat from hydrogenation. 

1410. The method of claim 1381, further comprising: 

producing hydrog^nandxan^ensable hydrocarbons from the formation; and 
hydrogenating ^portion of the produced condensable hydrocarbons with at least a 
portion of the produced hyefiftgen. J 

1411. The method of claim 138 l><wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about u 00 millidarcy. 

1412. The method of claim 1381, ^herein heating the first section or heating the second 
section comprises substantially unifoiWy increasing a permeability of a majority of the 
first or second section, respectively. \ 

1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the heat of the seconti section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by the Fischer Assay. 

1414. The method of claim 1381, further comprising producing a mixture from the 
formation in a production well, and wherein at ueast about 7 heat sources are disposed in 
the formation for each production well. \ 
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1415. Tha method of claim 1381, further comprising providing heat from three or more 
heat sources V> at least a portion of the formation, wherein three or more of the heat 
sources are lociated in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1416. The method ©f claim 1381, further comprising providing heat from three or more 
heat sources to at leaska portion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1417. A method of treating a nydrocarbohscontaining formation in situ, comprising: 
providing heat from one moreheat) sources to at least a portion of the 

formation; \ 

allowing the heat to transferuBrom the one or more heat sources to a selected 
section of the formation; \ 

producing a mixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of H2 within the mixture is greater than about 0.5 bar. 

1418. The method of claim 1417, wherein me one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. \ 
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1420. The method of claim 1417, wherein the one or more heat sources comprise 
electrical heatersA 

1 42 1 . The method of claim 1417, wherein the one or more heat sources comprise 
surface burners. \ 

1422. The method of claim 1417, wherein the one or more heat sources comprise 
flameless distributed comftustors. 

1423. The method of claim ^WTTwherein the one or more heat sources comprise natural 
distributed combustors. f \ ] 

1424. The method of claim 14l\fiirther comprising controlling a pressure and a 
temperature within at least a majorkyN^f the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1425. The method of claim 1417, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1426. The method of claim 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to tme volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 1 

Pwr = h*V*C v *p B \ 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is iprmation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1427. The method oi claim 1417, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sectioni^^^ter than about 0.5 W/(m °C). 

1429. The method of claim 14l\ wherein the produced mixture comprises condensable 
hydrocarbons having an API gravimpf at least about 25°. 

1430. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1 43 1 . The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboui 0.001 to about 0.15. 

1432. The method of claim 1417, wherein thd produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %\by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1433. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bylweight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. \ 
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1434. The methoayof claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1435. The method of clarni 1417, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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10 1436. The method of claim 1417,\wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greaterJ^aa^65Trt>3p % by weight of the condensable 
hydrocarbons are aromatic comj 

1437. The method of claim 1417, wfiSl^^ife p/oduced mixture comprises condensable 
15 hydrocarbons, and wherein less than aboiM£^> by weight of the condensable 

hydrocarbons comprises multi-ring aromalfics with more than two rings. 

1438. The method of claim 1417, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3^% by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight tip about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

1440. The method of claim 1417, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than abput 80 % by volume of the non- 
30 condensable component. 
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1441. The method oKclaim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1443. The method of claim 14V7, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1444. The method of claim 1417, furt her comp rising altering a pressure within the 
formation to inhibit production ^fhydrocarbons frofri the formation having carbon 
numbers greater than about 25 . 7\ * / 

1445. The method of claim 1417, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from thJT mixture into the formation. 

1446. The method of claim 1417, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heai from hydrogenation. 

1447. The method of claim 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced ccmdensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

1 448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 
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1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially unifonnly increasing a permeability of a majority of the selected section. 

1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

145 1 . The method of claim Ml 7, wherein producing the mixture comprises producing 
the mixture in a production weN, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1452. The method of claim 1417jfartii^ providing heat from three or more 
heat sources to at least a portio^^oT^^ormatioA, wherein three or more of the heat 
sources are located in the formation in a umj/of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

1453. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1454. The method of claim 1417, wherein thk partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1455. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 1 

allowing the heat to transfer from the one ot more heat sources to a selected 
section of the formation; 1 



481 



Coniey, Rose & Tayon, P.C. 



maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H2, as compared to the partial pressure of H2 at atmospheric 
pressure, in at least a majority of the selected section; and 

producing admixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1456. The method of claim 1455, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1457. The method of claim 1455^artKeT :ompfrsing maintaining a temperature within 
the selected section within a pyroVs^temperatur^j range. 

1458. The method of claim 1455, wherein the one or more heat sources comprise 
electrical heaters. \\ 

1459. The method of claim 1455, wherein thte one or more heat sources comprise 
surface burners. \ 

1460. The method of claim 1455, wherein the orife or more heat sources comprise 
flameless distributed combustors. \ 

1461. The method of claim 1455, wherein the one onmore heat sources comprise natural 
distributed combustors. \ 

1462. The method of claim 1455, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 
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1463. The method of claim 1455, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the ponion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/dav provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the ecWtion^__^^ 

Pwr = h*V*C v *p B ) 

wherein Pwr is the heating enemy/day, Jps an average heating rate of the 
formation, p B is formation bulk densityL and wnerein the heating rate is less than about 10 
°C/day. \\ 

1465. The method of claim 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conductions 

1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1467. The method of claim 1455, wherein the proauced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to\about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of Whene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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1469. The metnod 6f claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, andWherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1470. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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10 1471 . The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1472. The method of claim 1455, v&h/rein theX^duced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % bM weighWdabout 30 % by weight of the condensable 

hydrocarbons comprise oxygen contaMng compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein greater than aboyt 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 
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1474. The method of claim 1455, wherein theWoduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % oy weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % b^ weight of the condensable 
hydrocarbons are asphaltenes. 
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1476. The methoii of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1477. The method of cla\pi 1455, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1478. The method of claim 1455,\wherein the produced mixture comprises ammonia, 
and wherein greater than abourtT05\% by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, ^Aerein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1480. The method of claim 1455, furthdr comprising controlling the pressure within at 
least a majority of the selected section of r{ie formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1481. The method of claim 1455, further coVnprising increasing the pressure of the 
selected section, to an upper limit of about 2l\bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 



25 1482. The method of claim 1455, further comprising decreasing pressure of the selected 
section, to a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the forihation. 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 
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1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1485. The method o^claim 1455, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method of claim 1455, further comprising: 
providing hydrogen (j^ 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sWti0n*wth4^ from hydrogenation. 

1 487. The method of claim 1 ^^Wther comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of th^produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1488. The method of claim 1455, wherei^ allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1489. The method of claim 1455, wherein all&wing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1490. The method of claim 1455, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1491. The method of claim 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least ^bout 7 heat sources are disposed in 
the formation for each production well. 
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1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a ponion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1493. The method of claim 145 A further comprising providing heat from three or more 
heat sources to at least a portion ofuie formation, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern\and wherein a plurality of the units are repeated 
over an area of the formation to form a Repetitive pattern of units. 

1494. A method of treating a hydrocarbcto*eom formation in situ, comprising: 
providing heat from one or mo(e he\it sourcesyto at least a portion of the 

formation; 

allowing the heat to transfer from th^ne or more heat sources to a selected 
section of the formation; 

providing H2 to the formation to produce a reducing environment in at least some 
of the formation; 

producing a mixture from the formation. 

1495. The method of claim 1494, wherein the orJe or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons withiji the selected section of the 
formation. 

1496. The method of claim 1494, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1497. The method of claim 1494, further comprising separating a portion of hydrogen 



within the mixture and recirculating the portion into th< ; 



formation. 
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1498. The methoM of claim 1494, wherein the one or more heat sources comprise 
electrical heaters. \ 

1499. The method of cmim 1494, wherein the one or more heat sources comprise 
surface burners. \ 

1500. The method of claim V494, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1501 . The method of claim 1494, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1502. The method of claim 1494, further comprising controlling a pressure and a 
temperature within at least a majority of me selected section of the formation, wherein 
the pressure is controlled as a function of iefr*j)erature, or the temperature is controlled as 
a function of pressure. \ 

1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1504. The method of claim 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 1 

Pwr = h*V*C v *p B \ 
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wherein Pwr is\he heating energy/day, h is an average heating rate of the 
formation, p B is formatioij bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 505. The method of claim 1 494, wherein allowing the heat to transfer comprises 
transferring heat substantially \j conduction. 

1506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity ofiat least about 25°. 



1 508. The method of claim 1 494 
hydrocarbons, and wherein about 0.1 % b; 
condensable hydrocarbons are olefins. 



n the produced mixture comprises condensable 
\ weigiir to about 1 5 % by weight of the 



1509. The method of claim 1494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about OlOOI to about 0.15. 

1510. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1511. The method of claim 1 494, wherein the proiii 
hydrocarbons, and wherein less than about 1 % by 
basis, of the condensable hydrocarbons is oxygen. 



uced mixture comprises condensable 
Weight, when calculated on an atomic 
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1512. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1513. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abW 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1514. The method of claim 1494\ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounc 

1515. The method of claim 1494, wherW th§j>roduced mixture comprises condensable 
hydrocarbons, and wherein less than aboutt 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatiks with more than two rings. 

1516. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 ^ by weight of the condensable 
hydrocarbons are asphaltenes. 

1517. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to af)out 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1518. The method of claim 1494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about ?|0 % by volume of the non- 
condensable component. 
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1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and whereirKgreater than about 0.05 % by weight of the produced mixture is ammonia. 

1520. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1521 . The method of claim 1494, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1522. The method of claim 1494, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure o f H2 within the mixture is greater than 
about 0.5 bar. 



1523. The method of claim 1494, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1525. The method of claim 1494, wherein providing hydrogen (H2) to the formation 

further comprises: \ 

hydrogenating hydrocarbons within the section; and 

heating a portion of the section with heat from\hydrogenation. 



1526. The method of claim 1494, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1 527. The metfiod of claim 1494, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
* 

millidarcy. 

1 528. The method of^claim 1494, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1529. The method of claim 1494, further comprising controlling the heat to yield greater 
than about 60 % by weight or\condensable hydrocarbons, as measured by the Fischer 
Assay. 

1 530. The method of claim 1494\ wherein producing the mixture comprises producing 
the mixture in a production well, ^m3dl£Eein at least about 7 heat sources are disposed in 
the formation for each production weil. 

1 53 1 . The method of claim 1494, fukAer comprising providing heat from three or more 
heat sources to at least a portion of the Expiation, wherein three or more of the heat 
sources are located in the formation in a u^t of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1532. The method of claim 1494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1533. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one o\ more heat sources to a selected 
section of the formation; 
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providing H2 to the selected section to hydrogenate hydrocarbons within the 
selected sectiomand to heat a portion of the section with heat from the hydrogenation; 
and \ 

controlling Seating of the selected section by controlling amounts of H2 provided 
to the selected section. 

1534. The method of cWm 1533, wherein the one or more heat sources comprise at 
least two heat sources, anq. wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1535. The method of claim lS^J^ftiffKer^ maintaining a temperature within 
the selected section within a pjcrolysis temperature range. 

1536. The method of claim 1533, wherein the one or more heat sources comprise 
electrical heaters. \ 

1537. The method of claim 1533, wherein the one or more heat sources comprise 
surface burners. \ 

1538. The method of claim 1533, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

1539. The method of claim 1533, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1540. The method of claim 1533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 
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1541. The method of claim 1533, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1542. The method ofWim 1533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected Volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes; at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/oay-prwuied to the volume is equal to or less than Pwr, 
wherein Pwr is calculated m the equation: J 

Pwr = h*V*C v *p B \ \ /^Y 

wherein Pwr is the heatinAenergy/day, h is an average heating rate of the 
formation, p B is formation bulk densiW, and wherein the heating rate is less than about 10 
°C/day. V 

1543. The method of claim 1533, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

iroviding heat from the one or more heat 
h such that a thermal conductivity of at least 
A about 0.5 W/(m °C). 

1545. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. \ 

1 546. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



1544. The method of claim 1533, wherein] 
sources comprises heating the selected sectic 
a portion of the selected section is greater tha 
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wherein about \>.l % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

1 547. The methodW claim 1533, further comprising producing a mixture from the 
formation, wherein thV produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio ofethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to aboik 0.15. 

1 548. The method of clain\ 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by\weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



1 549. The method of claim (T533, ]&irther^mprising producing a mixture from the 
formation, wherein the producedlni!?&&re qpmprises condensable hydrocarbons, and 
wherein less than about 1 % by weigm, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygem 



1550. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wh^n calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

1551. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight or the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the \>xygen containing compounds comprise 
phenols. 

1552. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

1553. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

1554. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the producecnmixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

1555. The method of claim 1 53 JH*fflher capq>rising producing a mixture from the 
formation, wherein the produced mixrare comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 3W % by weight of the condensable hydrocarbons 
are cycloalkanes. \ 

1556. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the nonAcondensable component, and wherein the 
hydrogen is less than about 80 % by volume onthe non-condensable component. 

1557. The method of claim 1533, further composing producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

1558. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. I 
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1559. The method of claim 1 533, further comprising controlling a pressure within at 
least a majority orthe selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1560. The method of cWn 1533, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 baA 

1561. The method of claim 1 360, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture isVt a production well. 

1 562. The method of claim 1 533, fiffffier comprising altering a pressure within the 
formation to inhibit production of nwocarbons ^rom)the formation having carbon 
numbers greater than about 25 . \ 

1 563. The method of claim 1533, furtheV comprising controlling formation conditions 
by recirculating a portion of hydrogen from a produced mixture into the formation. 

1564. The method of claim 1533, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

1 565. The method of claim 1533, wherein allovtang the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 1 

1 566. The method of claim 1533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability ofla majority of the selected section. 
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1567. The methoa of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each production well. 

1568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the ibrmation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 569. The method of claim 1 533, further comprising providing heat from three or more 
heat sources to at least a portio mof the formation, wherein three or more of the heat 
sources are located in the formation Jp^nfltiFoffe^at sources, wherein the unit of heat 
sources comprises a triangular pattem^and wheipft a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 570. An in situ method for producing HA from a hydrocarbon containing formation, 
comprising: \ \ 

providing heat from one or more Wat sources to at least a portion of the 
formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and \ 

producing a mixture from the formatW wherein a H 2 partial pressure within the 
mixture is greater than about 0.5 bar. \ 

1571. The method of claim 1570, wherein thaone or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons vwthin the selected section of the 
formation. I 

1 572. The method of claim 1 570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1573. The method^of claim 1570, wherein the one or more heat sources comprise 
electrical heaters. 

1574. The method of \laim 1570, wherein the one or more heat sources comprise 
surface burners. 

1575. The method of claiin 1570, wherein the one or more heat sources comprise 
flameless distributed combuBtors. 



1576. The method of claim 1^70, 
distributed combustors. 



le one or more heat sources comprise natural 



1 577. The method of claim 1 570i ftirther comprising controlling a pressure and a 
temperature within at least a majontypf the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 578. The method of claim 1 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1 579. The method of claim 1 570, whereiA providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some ttydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided t\> the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein PwAs the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 580. The method of clai\n 1 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



10 



1581. The method of claim 1 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section ife greater than about 0.5 W/(m °C). 
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1 582. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravityAfffafTeast aBfcut 25° 



1583. The method of claim 1570, wheVeiriS 
hydrocarbons, and wherein about 0.1 % 1 
condensable hydrocarbons are olefins. 



Produced mixture comprises condensable 
sight to about 1 5 % by weight of the 



1 584. The method of claim 1 570, whereiii the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 



1585. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1 586. The method of claim 1 570, wherein the broduced mixture comprises condensable 



hydrocarbons, and wherein less than about 1 % 



basis, of the condensable hydrocarbons is oxygen. 



3y weight, when calculated on an atomic 
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1587. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is sulfur. 

1588. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygenV;ontaining compounds, and wherein the oxygen 
containing compounds comprise rohenols. 

1 589. The method of claim 1 570,\wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1590. The method of claim 1570, wmrein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abpuxS °/&by weight of the condensable 
hydrocarbons comprises multi-ring aromaticsvwith more than two rings. 

1591 . The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboul 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

1592. The method of claim 1570, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

produced mixture comprises a non- 
lensable component comprises hydrogen, 
Vo by volume of the non-condensable 
Lan about 80 % by volume of the non- 



1593. The method of claim 1570, wherein the 
condensable component, wherein the non-cond 
wherein the hydrogen is greater than about 10 1 
component, and wherein the hydrogen is less i 
condensable component. 
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1594. The method of claim 1570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1595. The methodW claim 1570, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1596. The method of claim 1 570, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1597. The method of clainr4570, fujAerjcomprising altering a pressure within the 
formation to inhibit productiomof IwdrojZarbons from the formation having carbon 
numbers greater than about 25. 

1 598. The method of claim 1 570Afuroier comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 

1599. The method of claim 1570, further comprising condensing a hydrocarbon 
component from the produced mixture! and hydrogenating the condensed hydrocarbons 
with a portion of the hydrogen. \ 

1600. The method of claim 1 570, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and I 

heating a portion of the section with heat from hydrogenation. 

1601. The method of claim 1 5 70, whereinlallowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 
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1602. The method\pf claim 1570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1603. The method of daim 1570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



10 



1604. The method of claim\l 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



Ei 



1605. The method of claim 1 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatkfipir^unit of heat sources, and wherein the unit of heat 

15 sources comprises a triangular pat 

1606. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the\ formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



30 



1 607. The method of claim 1 570, whereto the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1608. A method of treating a hydrocarbonlcontaining formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the^one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using an atomic 
hydrogen weightspercentage of at least a portion of hydrocarbons in the selected section, 
and wherein at leak the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen wemht percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formation. 

1609. The method of claim 1608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sonie-hydrocatbons within the selected section of the 
formation. 

1610. The method of claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrQlysis temperature range. 

1611. The method of claim 1 608, ^herein the one or more heat sources comprise 
electrical heaters. 

1612. The method of claim 1608, wherein the one or more heat sources comprise 
surface burners. 

1613. The method of claim 1608, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1614. The method of claim 1608, whereiji the one or more heat sources comprise natural 
distributed combustors. 



1615. The method of claim 1 608, further 
temperature within at least a majority of the 



omprising controlling a pressure and a 
selected section of the formation, wherein 



the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The methoaof claim 1608, further comprising controlling the heat such that an 
average heating rate\f the selected section is less than about 1 °C per day during 
pyrolysis. 

1617. The method of claW 1 608, wherein providing heat from the one or more heat 
sources to at least the portuki of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes a^least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/da>Yprovided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eqiWk 
Pwr = h*V*Cy*p B 

wherein Pwr is the heating enprgY^ay, h is an average heating rate of the 
formation, p B is formation bulk density, ^nd wherein the heating rate is less than about 10 
°C/day. 

1618. The method of claim 1 608, wherein Wlowing the heat to transfer comprises 
transferring heat substantially by conductions 

1619. The method of claim 1608, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1620. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1 62 1 . The method of claim 1 608, wherein the pr< 
hydrocarbons, and wherein about 0.1 % by weight 
condensable hydrocarbons are olefins. 



duced mixture comprises condensable 
to about 15 % by weight of the 
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1622. The method ox claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1623. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Jess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1624. The method of claim lo08, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonsjs oxygen. 

1625. The method of claim 1608a Wherein i)he produced mixture comprises condensable 
hydrocarbons, and wherein less thaAabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon\is sulfur. 

1626. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenolsl 

1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than aHout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 1 

1628. The method of claim 1608, whereinlthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1630. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 63 1 . The method of claim \608, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is les^\than about 80 % by volume of the non- 
condensable component. \\ / / 

1632. The method of claim 1608, whetfcin the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % bAweight of the produced mixture is ammonia. 

1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

ising controlling a pressure within at 
Ration, wherein the controlled pressure 

1 635 . The method of claim 1 608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H\ within the mixture is greater than 
about 0.5 bar. \ 

1 636. The method of claim 1 635, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. \ 
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1 634. The method of claim 1 608, further comf 
least a majority of the selected section of the for 
is at least about 2.0 bar absolute. 



1637. The mtethod of claim 1608, further comprising altering a pressure within the 
formation to innibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1638. The method of claim 1608, further comprising controlling formation conditions 
by recirculating a portron of hydrogen from the mixture into the formation. 

1639. The method of claim 1608, further comprising: 

providing hydrogeA(H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1640. The method of claim 160K, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portioiiof me produfced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \\ u 

1 641 . The method of claim 1608, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

allowing the heat to transfer comprises 
Lbility of a majority of the selected section. 

unprising controlling the heat to yield greater 
ydrocarbons, as measured by the Fischer 

ducing the mixture comprises producing 
it least about 7 heat sources are disposed in 



1 642. The method of claim 1 608, where^ 
substantially uniformly increasing a permd 



1 643 . The method of claim 1 608, further < 
than about 60 % by weight of condensable 
Assay. 



1644. The method of claim 1608, wherein 
the mixture in a production well, and wherein ! 
the formation for each production well. 
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1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the rormation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation tp-roifna rqtetitive pattern of units. 

1647. A method of treating a hydracamon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; \ 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture from the formation. 

1648. The method of claim 1647, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 1 

1649. The method of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1650. The method of claim 1647, wherein the one or more heat sources comprise 
electrical heaters. 
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1651. The method of claim 1647, wherein the one or more heat sources comprise 
surface burners. \ 

1652. The method of claim 1647, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1653. The method of claim 1647, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1654. The method of claim 1647, further comprising controlling a pressure and a 
temperature within at least a majority_of the selected section of the formation, wherein 
the pressure is controlled as^tfninction orjtemperature, or the temperature is controlled as 
a function of pressure. ^"V 

1 655. The method of claim 164 further comprising controlling the heat such that an 
average heating rate of the selecteataection is less than about 1 °C per day during 
pyrolysis. . \ 

1 656. The method of claim 1647, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energylday, h is an average heating rate of the 
formation, p H is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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1657. The method of claim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 658. The method of claim 1 647 5 wherein providing heat from the one or more heat 
sources comprises heatina the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



10 
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1659. The method of claim 1S47, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1 660. The method of claims 647,Vvherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein abottt^lA 
condensable hydrocarbons are olefins 



hydrocarbons, and wherein abotrt-Q^ % ^v^ight to about 15 % by weight of the 



1661. The method of claim 1647, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1662. The method of claim 1647, wherein ttie produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 Vo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrAgen. 



25 



1663. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bV weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen! 



30 



1664. The method of claim 1647, wherein the protiuced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by yeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1665. The methodW claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds Vomprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Weater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



m 



Ilj 



10 1667. The method of claim 16M7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th an abo ut 5 % by weight of the condensable 
hydrocarbons comprises muKi-rine aromatibs with more than two rings. 

1668. The method of claim 1647rwher<dn the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than^bout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



Ill 

St* 



1669. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % bjA weight to about 30 % by weight of the 

20 condensable hydrocarbons are cycloalkanes. 

1670. The method of claim 1647, whereiilthe produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about VQ % by volume of the non-condensable 

25 component, and wherein the hydrogen is less\than about 80 % by volume of the non- 
condensable component. 



1671 . The method of claim 1647, wherein the Woduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



30 
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1672. The methodW claim 1647, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



10 



1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, where\n a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



tea 

3* 



iii 



1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 5 1 676. The method of claim 1 64 V , further comprising altering a pressure within the 
formation to inhibit productionxir[hydroc^>ons from the formation having carbon 
numbers greater than about 25. 



s 

5.4 



1677. The method of claim 1647, further comprising controlling formation conditions 
20 by recirculating a portion of hydrogen from the mixture into the formation. 

1 678. The method of claim 1 647, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 
25 heating a portion of the section With heat from hydrogenation. 
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1679. The method of claim 1647, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the prqduced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1680. The method of claim t 
increasing a permeability of a 
millidarcy. 

1 68 1 . The method of claim 1 647,\ wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

1683. The method of claim 1647, wherein producing the mixture comprises producing 
the mixture in a production well, and wherW^least about 7 heat sources are disposed in 
the formation for each production wqtfL \ \ 

1684. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit ofiheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

1685. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation,! wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereim a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

Lg formation in situ, comprising: 
to at least a portion of the 

pore heat sources to a selected 



547, wherein allowing the heat to transfer comprises 
lajority of the selected section to greater than about 100 



1686. A method of treating a hydrocarbon contair 

providing heat from one or more heat source^ 
formation; 

allowing the heat to transfer from the one or ] 
section of the formation; 
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wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
portion of the hydrocarbon^ in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; \ 

wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less thaA about 4.5 %; and 

producing a mixture from the formation. 

1687. The method of claim 1686a wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

1688. The method of claim 1686,^irtAer comprising maintaining a temperature within 
the selected section within a pyrolysis nsmp^rature. 

1689. The method of claim 1686, wherefjmthe vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 
such that a majority of the produced mixtule comprises condensable hydrocarbons. 

1 690. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

1691. The method of claim 1686, wherein the one or more heat sources comprise 
electrical heaters. 1 

1692. The method of claim 1686, wherein the one or more heat sources comprise 
surface burners. I 
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1693. The method onclaim 1686, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1694. The method of claim 1686, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1695. The method of claim 1686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1 696. The method of claim 1 686L further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis . \^ x 

1697. The method of claim 1686, vmerein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and I 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energyljday, h is an average heating rate of the 
formation, p B is formation bulk density, ana wherein the heating rate is less than about 10 
°C/day. 1 

1698. The method of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1 699. The method of claim 1 686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having ark API gravity of at least about 25°. 

1 70 1 . The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein atwut 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are Mefins. 

1 702. The method of claim 1 686V wherein the produced mixture comprises non- 
condensable hydrocarbons, and wh^einajnolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 703: The method of claim 1 686, whef&in the produced mixture comprises condensable 
hydrocarbons, and wherein less than about\l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1704. The method of claim 1686, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 705. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

1706. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to aboui 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 1 
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1707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinVreater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aoout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. Jr- \ 

1710. The method of claim 1686, wher&n me^produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkane^ 

1711. The method of claim 1 686, wherein the produced mixture comprises a non- 
condensable component, wherein the non-coiWensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10\% by volume of the non-condensable 
component, and wherein the hydrogen is less tftan about 80 % by volume of the non- 
condensable component. \ 

1712. The method of claim 1 686, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weightlof the produced mixture is ammonia. 

1713. The method of claim 1 686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formati^, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1715. The method of claim 1686, further composing controlling formation conditions to 
produce the mixture, wherein a partial pressure/of H2 within the mixture is greater than 
about 0.5 bar. 

1716. The method of claim 1715, whereinAhe partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1717. The method of claim 1 686Tmrther comprising altering a pressure within the 
formation to inhibit production orH^ydr^carbon^from the formation having carbon 
numbers greater than about 25. 

1718. The method of claim 1686, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1719. The method of claim 1 686, /further comprising: 
providing hydrogen (H 2 ) t</ the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



1720. The method of claim 1686, further comprising: 

producing hydrogen ana condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1721. The method of claim 1 586, wherein allowing the heat to transfer comprises 
increasing a permeability of a piajority of the selected section to greater than about 100 
millidarcy. 
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1722. The method of claim 1686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1723. The method of claim 1686, furtherycomprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1 724. The method of claim 1 6#&i-wtol&em 
the mixture in a production well, an 
the formation for each production wjB 



iducing the mixture comprises producing 
fn at least about 7 heat sources are disposed in 



1 725. The method of claim 1 686J further comprising providing heat from three or more 
heat sources to at least a portion o(i the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1726. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
vei an aiea of the formation w form a rep etit ive pallmiro t" units. 



1 727. A method ot treating a hydrocarbon containing formation in situ^gom^rising: 
providing heat from one or more heat sources to atjeast^portion of the 

formation; ^^"^ 

allowing the heat to transfeijkffnthe one or more heat sources to a selected 

section of the formation^ — 

wherejjHfie selected section has been selected for heating using a total organic 

mattep^eight percentage of at leastjL portion of the select ed section, and wherein at least 
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the pnrfrinnnftlT Pj filf!f!tf*H sprtirm m m prisP'? q tnt -a l nrg i rnr -mtt tt n r w n jght p r ^ ntflg^ of 

at least about 5.0 %; and S 
producing a mixture from the formation. X 

1728. The method of claim 1727, wherein the one or more heatsources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the/selected section of the 
formation. / 

1729. The method of claim 1727, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1730. The method of claim 1727, wherein the one or more heat sources comprise 
electrical heaters. / 

173 1 . The method of claim 17^7, wherein the one or more heat sources comprise 
surface burners. / 

1732. The method of/laim 1727, wherein the one or more heat sources comprise 
flameless distributees combustors. 

1733. The meftiod of claim 1727, wherein the one or more heat sources comprise natural 
distributed combustors. 

1734. /The method of claim 1727, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
,me pressure is controlled as a function of temperature, or the temperature is controlled as 
.a Junction of bt cssuf^ • 
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1735. The method of claim 1727, further comprising controlling the heat suph^fiat an 
average heating rate of the selected section is less than about 1 °C o^F-tlay during 
pyrolysis. 

1 736. The method of claim 1 727, whereip<]5roviding heat from the one or more heat 
sources to at least the portion of forpa^tion comprises: 

heating a selected volunle (V) of the hydrocarbon containing formation from the 
one or more heat sources/wherein the formation has an average heat capacity (C v ), and 
wherein the heatin^yrolyzes at least some hydrocarbons within the selected volume of 
the formation; arid 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein^Pwr is calculated by the equation: 
/ Pwr — h*V*C v *pB 
/ wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
° C /d ay^-__ 



1737. The method of claim 1727, whergifi allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1738. The method of claim 1727, whereii^ 
sources comprises heatingjl^^seleeted section such that a thermal conductivity of at least 
a por tion^th ^ section is greater tha n_ahont QS-W/far^C). 

1739. The method of claim 1727, wherdh the produced mixture comprises condensable 
hydrocarbons having an API gravity oMt least about 25°. 



1740. The method of claim 1727,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons areolefins. 
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1741. The method of claim 1727, wherein the produced mixture comprises noft- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane inraie non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. / 

1742. The method of claim 1727, wherein the produced mixture Comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1743. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bj^veight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygofi. 

1744. The method of claim 1727, wherej-ftthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1745. The method of claim 1/27, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abop 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compound^ comprise phenols. 

1746. The metjrod of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons? and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1747/ The method of claim 1727, wherein the produced mixture comprises condensable 
hwocarbons, and wherein less than about 5 % by weight of the condensable 
Jaydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 748. The method of claim 1 727, wherein the/roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 0./ % by weight of the condensable 
hydrocarbons are asphaltenes. 



1749. The method of claim 1 727, who&in the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 ^ff by weight to about 30 % by weight of the 
condensable hydrocarbons are cydoalkanes. 



1 750. The method of claim 1 727, wherein the producedjm>tfitf^omprisesa non- 
condensable component, wherein the nojj^cendensable component comprises hydrogen, 
wherein the hydrogen is gr^atefthan about 10 % by volume of the non-condensable 

component^jjad^lierein the hydrogen is less than about 80 % by volume of the non- 

^^^^ , j 

condgnsable-emTmSnent 



1 75 1 . The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight yr :he produced mixture is ammonia. 

1752. The method of claim 1727, whereiiyme produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 753. The methud of claim 1 ill, turther composing controlling^ 
least a majority ofthej^ formation, wherein the controlled pressure 

is at least abeuf2.0 bar absolute. 



1754. The method of claim 1727, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure ^H 2 within the mixture is greater than 
about 0.5 bar. 



1755. The method of claim 1 754, whemn the partial pressure of H 2 within the mixture 
is measured when the mixture is at a n&duction well. 
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1 756. The method of claim 1 727, 



comprising altering a pressure within the 




formation to inhibit production ^hydrocarbons from the formation having carbon 
numbers greater than about^ 

1757. The method of claim 1727, further cor^prising controlling formation conditions 
by recirculating a portion of hydrogen frojnthe mixture into the formation. 



10 




20 



1758. The method of claim 1727, further < 

providing hydrogen^JIst^^the heated section to hydrogenate hydrocarbons 
within the sectior 



le section with heat from hydrogenation. 



1759. The method of claim 1 727, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion ofjme produced condensable hydrocarbons with at least a 

portion of the produced hydroge 



1760r- The me thods claim 1 727, wherein allowing the heaflgtra nsfcr comprise^ 
increasing a permeability of a majority of the selected secti9ja4e-greafeFtlmn about 100 
millidarcy. 



1761. The met 
substantially 



"of claim 1727, whereina^ compnses 
lyTncreasing a permeability of a majority of the selected section. 




1 762. The method of claim 1 727, further ^mprising controlling the heat to yield greater 
than ab 
Assay. 



than about 60 % by weight of condensate hydrocarbons, as measured by the Fischer 



17 6 3. The m ethod ot claim 1 II 7, wherein pr oducing the miximex omprises producing 
the mixture in a production well, and wherein-at4east^a^ sources are disposed in 

the formation for eachitfo3uction well. 
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heat sources to at least a portion of the formation, wherein three or more of theJleat 
sources are located in the formation in a unit of heat sources, and wherein/the unit of heat 
sources comprises a triangular pattern. / 

1765. The method of claim 1727, further comprising providing/neat from three or more 
heat sources to at least a portion of the formation, wherein thj?ee or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a pjurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 766. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more hear sources to at least a portion of the 

formation; / 

allowing the heat to transfer fxdm the one or more heat sources to a selected 
section of the formation; / 

wherein at least some hyarocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. 

1767. The method pi claim 1766, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1768. /The method of claim 1766, further comprising maintaining a temperature within 
the^elected section within a pyrolysis temperature range. 

1769. The method of claim 1766, wherein the one or more heat sources comprise 
•eteclrical healers. 
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1 770. The method of claim 1 766, wherein the one or more hearsoufceS~c omp r isc — > 
surface burners. 

1 771 . The method of claim 1 766, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1772. The method of claim 1766, wherein the one or moreTieat sources comprise natural 
distributed combustors. / 

1773. The method of claim 1766, further comprising controlling a pressure and a 
temperature within at least a majority of the sheeted section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 774. The method of claim 1 766/rurther comprising controlling the heat such that an 
average heating rate of the selejZted section is less than about 1 °C per day during 
pyrolysis. / 

1775. The method of olaim 1766, wherein providing heat from the one or more heat 
sources to at least the/portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat/sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
/Pwr = /z*F*C v *ps 

/ wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
^C/day. 
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1776. The method of claim 1766, wherein allowing the heat to transfer comprises 
transferring heat substantially by conmiction. 



V1TL-J£ \ \ t\ mUl i ori ' Ti fclaim 1766, wherei n frnwidingjlgaU^ or more heat 

sources comprises heatingAe-setecteJsection such that a thermal conductivity of at least 
a portioo^ftfie^ is greater than about 0.5 W/(m °C). ^ 

1778. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

1779. The method of claim 1766, wherein the produced mixture compri^s condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % b^stfeight of the 
condensable hydrocarbons are olefins. / 

1780. The method of claim 1766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar xpao of ethene to ethane in the non- 
condensable hydrocarbons ranges from about^OOl to about 0.15. 

1781. The method of claim 1 766, wjaerein the produced mixture comprises condensable 
hydrocarbons, and wherein less tiaan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 782. The method m claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, am wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the^ondensable hydrocarbons is oxygen. 

1783f The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1784. The method of claim 1766, wherein the produced mixture comprises condensabj^ 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygpif 
containing compounds comprise phenols. >^ 

1785. The method of claim 1766, wherein the produced mixtuj^comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weugtft of the condensable 
hydrocarbons are aromatic compounds. f 

1786. The method of claim 1766, wherein thp^roduced mixture comprises condensable 
hydrocarbons, and wherein less than abouJ^S % by weight of the condensable 
hydrocarbons comprises multi-ring ajdmatics with more than two rings. 

1 787. The method of clainv!766, wherein the produced mixture comprises condensable 
hydrocarbons, and whertfm less than about 0.3 % by weight of the condensable 
hydrocarbons are asjmaltenes. 

1788. The^nethod of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
conelensable hydrocarbons are cycloalkanes. 



"^j-^yo TVm mntVinH nf rlaim 1 766, wWrnn foe produced mixture comprises a non- 
condensable component, wherein the non-condensable compon ent compnse5~hydreg en, 
wherein the hydrogen is greaterthao^bouH:©^^^ non-condensable 
component, and^whefeinthe hydrogen is less than about 80 % by volume of the non- 




1790. The method of claim 1766, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by w^j^t of the produced mixture is ammonia. 
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1791. The method of claim 1 766, wherein t^e produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 792 . The method of C laimT766, further comprise within at 

least a majority oftiie^eleeted^ecfion of the formation, wherein the controlled pressure 
is ayegstabo ut 2 . 0 bar absolute. - 1 




m 



15 




1793. The method of claim 1766, further comprising controlling formation condition^ 
produce the mixture, wherein a partial pressure of H2 within the mixture is grg^fthan 
about 0.5 bar. 

1 794. The method of claim 1 793, wherein thejj3ftfSTpressure of H 2 within the mixture 
is measured when the mixture is at apsetfuction well. 

1 795. The meth^^fclaim 1 766, further comprising altering a pressure within the 
foniiatiop^fmhibit production of hydrocarbons from the formation having carbon 

lers greater than about 25 . 

1 796. The method of claim 1 766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen fz$m the mixture into the formation. 



25 



IT^T^ie-method ^f claim 1766, further comprising: 

providing hydrogen (H2) t othe heated sect i 
within the section 

^mg^pefttoTToniie section with heat from hydrogenation. 



"ogenate hydfocarbons 




1798. The method of claim 1766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of J^e produced condensable hydrocarbons with at least a 

portion of the produced hydros 



530 



Conley, Rose & Tayon, P.C. 



t 



[ 799. ThemeffiDd^of claim 1 755, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selectedj£Ction4o-greatenHSTabout 100 
millidarcy. 



rhe method of claim 1766 , wherein allowing the heat to transfe r comprises 

formlyincreasing a permeability of a majority of the selected section. 



1801. The method of claim 1766, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 




802. The method oTcIaiBr l76G, wherein producing th e m ixtui^comprises producing 
the mixture in a production well, and wherein at least about 7 heat purees are disposed in 
the formation for each production well. 



1 803. The method of claim 1766, further compprfng providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation irv^unit of heat sources, and wherein the unit of heat 
sources comprises a triangular D#tfern. 



1 804. The method opdkiim 1 766, further comprising providing heat from three or more 
heat sources to a^ast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources^omprises a triangular pattern, and wherein a plurality of the units are repeated 



-area-oftfielormation to form a repetitive pattern of units. 



1 805. A method of treating a hydrocarJb^j>eontaining formation in situ, composing: 

providing heat from one or nrfoye heay sources to at least a portion of the 
formation; 

allowing the heat to transfer ^rolpi the one or more heat sources to a selected 
section of the formation; 
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wherein the selectee! section has been selected for heating using an atomic oxygen 
weight percentage of at leasYla portion of hydrocarbons in the selected section, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of l^ss than about 15% when measured on a dry, ash free 
basis; and 

producing a mixture from\the formation. 



ru 



10 



15 



1 806. The method of claim 1 805, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1 807. The method of claim 1 805, 
the selected section within a pyre 



comprising maintaining a temperature within 
iper^dre range. 



1 808. The method of claim 1 805, whereir^tije one or more heat sources comprise 
electrical heaters. 



m 



1 809. The method of claim 1 805, wherein tl\e one or more heat sources comprise 
20 surface burners. 

1810. The method of claim 1 805, wherein the\one or more heat sources comprise 
flameless distributed combustors. 



25 1811. The method of claim 1 805, wherein the o^e or more heat sources comprise natural 
distributed combustors. 



30 



1812. The method of claim 1805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1813. The method of claim 1 805, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1814. The method of claim M05, wherein providing heat from the one or more heat 
sources to at least the portion oV formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equ$k5nT"\ 

Pwr = h*V*C v *p B C\ /I ) 

wherein Pwr is the heating enenWday//z is an average heating rate of the 
formation, p B is formation bulk density, imd wherein the heating rate is less than about 10 
°C/day. V 

1815. The method of claim 1805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction^ 

1816. The method of claim 1 805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1817. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1818. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight 10 about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 
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1819. The method of dlaim 1805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 820. The method of claimu 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1821. The method of claim 1 80d, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tlran about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocaj^nsiso^ygen. 

1822. The method of claim 1805, wjherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ibhut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1823. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by wemht to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

1 824. The method of claim 1 805, wherein tie produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

1 825. The method of claim 1 805, wherein thd produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %\by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1826. The method of\laim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 827. The method of claim \805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 828. The method of claim 1 805A wherein the produced mixture comprises a non- 
condensable component, wherein tne non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thaimbautJ^% by volume of the non-condensable 
component, and wherein the hydrogen is lessythah about 80 % by volume of the non- 
condensable component. LS 

1 829. The method of claim 1 805, wherem the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 830. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce rbrtilizer. 

1 83 1 . The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 

1 832. The method of claim 1 805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H\ within the mixture is greater than 
about 0.5 bar. \ 

1 833 . The method of claim 1 832, wherein the partial bressure of H 2 within the mixture 
is measured when the mixture is at a production well. \ 
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1834. The metnod of claim 1 805, further comprising altering a pressure within the 
formation to inhifiut production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1835. The method of claim 1805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 836. The method of claim 1 805, further comprising: 

providing hydrogen (H2) to the heated section to hydro genate hydrocarbons 
within the section; and \ 

heating a portion of the sec tion w ith heat from hydrogenation. 

1837. The method of clainiTsOS, furthej^comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydro genating a portion 01 th^produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

1 838. The method of claim 1 805, wherein allowing the heat to transfer comprises 
increasing a permeability of a majoriMof the selected section to greater than about 100 
millidarcy. \ 

allowing the heat to transfer further 
Lg a permeability of a majority of the selected 

Lprising controlling the heat to yield greater 
irocarbons, as measured by the Fischer 



1 839. The method of claim 1 805, where! 
comprises substantially uniformly increasfc 
section. 



1 840. The method of claim 1 805, further cc 
than about 60 % by weight of condensable hy^j 
Assay. 
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1 841 . The method of claim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eacn\production well. 

1 842. The method of claim 1 805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



o 

m 

m 

0 

m 
o 



1 0 1 843 . The method of claim 1 805 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fefrr^a repetitive pattern of units. 

15 

1 844. A method of treating a hydrocarboir6ontaining formation in situ, comprising: 

providing heat from one or more\h^at sources to a selected section of the 
formation; 

allowing the heat to transfer from ftie one or more heat sources to the selected 
20 section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 
producing a mixture from the formation. 



25 1 845 . The method of claim 1 844, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



30 1 846. The method of claim 1 844, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range 
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1 847. The method of claim 1 844, wherein the one or more heat sources comprise 
electrical heaters. \ 

1 848. The method of claim 1 844, wherein the one or more heat sources comprise 
surface burners. \ 

1 849. The method of claim 1 844, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 850. The method of claim 1 844\ wherein the one or more heat sources comprise natural 
distributed combustors. \ 

1851. The method of claim 1 844 v |\Mher comprising controlling a pressure and a 
temperature within at least a majority of^he Selected section of the formation, wherein 
the pressure is controlled as a function bf temperature, or the temperature is controlled as 
a function of pressure. \ 

1852. The method of claim 1 844, further Comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1 853 . The method of claim 1 844, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hyprocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hyoirocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 
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wherein iVr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. * \ 

1854. The method of claim 1844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1855. The method of claim 1 844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1856. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons having an APLgrJvity of ah least about 25°. 

1857. The method of claim 1844V wierein the produced mixture comprises condensable 
hydrocarbons, and wherein about (Al % by weight to about 15 %.by weight of the 
condensable hydrocarbons are olefins. 

1 858. The method of claim 1 844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fromlabout 0.001 to about 0.15. 

1859. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 860. The method of claim 1 844, whereih the produced mixture comprises condensable 
hydrocarbons, and wherein less than about! 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1861. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1862. The method oY claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, whereimabout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 863. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 864. The method of claim1*844, whereinjthe produced mixture comprises condensable 
hydrocarbons, and wherein less tmak abotfi 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aramatics with more than two rings. 

1865. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

1866. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % byt weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1867. The method of claim 1844, wherein the produced mixture comprises a non- 
condensable component, wherein the non-cWdensable component comprises hydrogen, 
wherein the hydrogen is greater than about ll) % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1 868. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 869. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 870. The method of claim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute! 

1 871 . The method of claim 1 844 further comprising controlling formation conditions to 
produce the mixture, wherein a pakial pressure of H2 within the mixture is greater than 
about 0.5 bar. \ 

1 872. The method of claim 1 87 J^whereinme partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1 873. The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

1 874. The method of claim 1 844, further Comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 875. The method of claim 1 844, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 1 

heating a portion of the section with Heat from hydrogenation. 

1 876. The method of claim 1 844, further comprising: 

producing hydrogen and condensable Hydrocarbons from the formation; and 
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hydrogenafing a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 877. The method of Vlaim 1 844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1 878. The method of claim\ 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 879. The method of claim 1 844, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1880. The method of claim 1 Wherein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production we! 

1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a i\nit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 882. The method of claim 1 844, further Comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 1 883. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providingyieat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formatic 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and wherein the atomic hydrogen to 
carbon ratio is less than about 1 .65; and 

producing a mixture from the formation. 

1884. The method of claim 1883, wherein the one or more heat sources comprise at 
least two heat sources, and whe^fsi^eraosition of heat from at least the two heat 
sources pyrolyzes at least somH^dro<gy?oons within the selected section of the 
formation. 

1 885. The method of claim 1 883, fiitther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1886. The method of claim 1883, wherein the one or more heat sources comprise 
electrical heaters. 

1887. The method of claim 1883, whereiri|the one or more heat sources comprise 
surface burners. 

1 888. The method of claim 1883, wherein fie one or more heat sources comprise 
flameless distributed combustors. 

1889. The method of claim 1883, wherein th^ one or more heat sources comprise natural 
distributed combustors. 
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1890. The method ol claim 1883, further comprising controlling a pressure and a 
temperature within at feast a majority of the selected section of the formation, wherein 
the pressure is controller as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1891. The method of claim 1 883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

1 892. The method of claim 1883, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume m of the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes arfeast somelaydrocarbons within the selected volume of 
the formation; and / y 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation^ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energyXday, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1893. The method of claim 1 883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 1 

1 894. The method of claim 1883, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1895. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1896. The method oft claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1897. The method of claim 1883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 898. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1899. The method of claim 188^7\herem4he produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^oxygen. 

1 900. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 901 . The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigM to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

1 902. The method of claim 1 883, wherein thdt produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 1 
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1903. The methodxjf claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein less than about 5 % by weight of the condensable 
hydrocarbons comprise&multi-ring aromatics with more than two rings. 

1904. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

1905. The method of claim 188S, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclpalkanes. 

1906. The method of claim 1883, u)hereftrti\e produced mixture comprises a non- 
condensable component, wherein^he non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than\bout-i0 % by volume of the non-condensable 
component, and wherein the hydrogen jWless than about 80 % by volume of the non- 
condensable component. \ 

1907. The method of claim 1883, whereiAthe produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1908. The method of claim 1883, wherein tne produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

rising controlling a pressure within at 
mation, wherein the controlled pressure 

1910. The method of claim 1 883, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. \ 



1 909. The method of claim 1883, further cor 
least a majority of the selected section of the fo^ 
is at least about 2.0 bar absolute. 



546 



Conley, Rose & Tayon, P.C. 



1911. The method oficlaim 1910, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1912. The method of claim 1883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



10 



1913. The method of claim 1K83, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 
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1914. The method of claim 1 88b, further comprising: 
providing hydrogen (H2) t\) the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the seeq5if^t^heat from hydrogenation. 

1915. The method of claim 1883, Wtnfei>Compnsing: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1916. The method of claim 1883, wherfein allowing the heat to transfer comprises 
increasing a permeability of a majority o\ the selected section to greater than about 100 
millidarcy. 

1917. The method of claim 1 883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1918. The method of claim 1883, furtherlcomprising controlling the heat to yield greater 
30 than about 60 % by weight of condensablejhydrocarbons, as measured by the Fischer 
Assay. 
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1919. The method of claim 1883, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1920. The method of claim 1883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 92 1 . The method of claim 1 883A further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formationVn a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattprrrTSSS^erein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 922. A method of treating a hydrocaflpon Staining formation in situ, comprising: 
providing heat from one or morem^at sources to a selected section of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1 .65; and 

producing a mixture from the formation. 

1923. The method of claim 1922, wherein tne one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons Within the selected section of the 
formation. \ 
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1924. The method of claim 1922, further comprising maintaining a temperature within 
the selected section wkhin a pyrolysis temperature range. 

1925. The method of claim 1922, wherein the one or more heat sources comprise 
electrical heaters. \ 

1926. The method of claim\1922, wherein the one or more heat sources comprise 
surface burners. \ 

1927. The method of claim 1952, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1928. The method of claim 1922\ wherein the one or more heat sources comprise natural 
distributed combustors. /\ 

1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function pf temperature, or the temperature is controlled as 
a function of pressure. \ 

1930. The method of claim 1922, furtheV comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

193 1 . The method of claim 1922, whereinlproviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hVdrocarbons within the selected volume of 
the formation; and \ 



549 



Conley, Rose & Tayon, P.C 



wherein heiating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = A*F*(X*>9 5 

wherein Pwr isuhe heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1932. The method of claim 1922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1933. The method of claim J^a27wKe?bin providing heat from the one or more heat 
sources comprises heating tne^elected/secuon such that a thermal conductivity of at least 
a portion of the selected section iV greater than about 0.5 W/(m °C). 

1934. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravityiof at least about 25°. 

1935. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

1936. The method of claim 1922, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a\molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 11% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1938. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wkerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1939. The method of ckim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1940. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboux 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds coirfprise phenols. 

1941 . The method of claim 1922\wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1942. The method of claim 19221 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring Womatics with more than two rings. 

lerein the produced mixture comprises condensable 
[bout 0.3 % by weight of the condensable 

1944. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalk^nes. 

in the produced mixture comprises a non- 
i-condensable component comprises hydrogen, 



1 943 . The method of claim 1 922, 
hydrocarbons, and wherein less than ; 
hydrocarbons are asphaltenes. 



1945. The method of claim 1922, wherq 
condensable component, wherein the nor 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherem the hydrogen is less than about 80 % by volume of the non- 
condensable component 

1946. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1947. The method of claim\1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1948. The method of claim 1922, further comprising controlling a pressure within at 
least a majority of the selectpd^Jection orthe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute! / / 

1949. The method of claim 1 922)sftirther comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. \ 

1950. The method of claim 1949, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

Ler comprising altering a pressure within the 
►carbons from the formation having carbon 

1952. The method of claim 1922, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1953. The method of claim 1922, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 



1951. The method of claim 1 922, 
formation to inhibit production of hydr 
numbers greater than about 25. 
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heating a portion of the section with heat from hydrogenation. 

1954. The method oA claim 1922, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating apportion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 955. The method of claim 1 922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

^herein allowing the heat to transfer comprises 
pefrneability of a majority of the selected section. 

1957. The method of claim 1^)22, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

1958. The method of claim 1922,\wherein producing the mixture comprises producing 
the mixture in a production well, anu wherein at least about 7 heat sources are disposed in 
the formation for each production will. 

1959. The method of claim 1922, fumher comprising providing heat from three or more 
heat sources to at least a portion of thelformation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. | 

;r comprising providing heat from three or more 
irmation, wherein three or more of the heat 
hnit of heat sources, wherein the unit of heat 



1956. The method of clfik 
substantially uniformly increasing 



1 960. The method of claim 1 922, furth 
heat sources to at least a portion of the : 
sources are located in the formation in a ] 
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sources comprisesVa triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1961 . A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat irom one or more heat sources to at least a portion of the 
formation; \ 

allowing the heanto transfer from the one or more heat sources to a selected 
section of the formation; \ 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocajian^lTrthe selected section is less than about 0.15 and 

producing a mixturofrom the fonnation. 

wherein the one or more heat sources comprise at 
superposition of heat from at least the two heat 
irocarbons within the selected section of the 

ther comprising maintaining a temperature within 
temperature range. 

1 964. The method of claim 1 96 1 , whetrein the one or more heat sources comprise 
electrical heaters. 1 

1965. The method of claim 1961, whenein the one or more heat sources comprise 
surface burners. I 

1966. The method of claim 1961, wherdin the one or more heat sources comprise 
flameless distributed combustors. \ 



1962. The method of claim 1961 
least two heat sources, and where^ 
sources pyrolyzes at least some hy^ 
formation. 



1 963 . The method of claim 1961, 
the selected section within a pyrolysis 
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1967. The method M claim 1961, wherein the one or more heat sources comprise natural 
distributed combustors. 

1 968. The method of clkim 1961, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

1 969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the seleoted-smieqi is less than about 1 °C per day during 
pyrolysis. \ \ / ) 

1 970. The method of claim 1 96 rWherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (y\ of the hydrocarbon containing formation from the 
one or more heat sources, wherein tha formation has an average heat capacity (C v )> and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /z*F*C v *p 5 \ 

wherein Pwr is the heating energy/flay, h is an average heating rate of the 
formation, p B is formation bulk density, ana wherein the heating rate is less than about 10 
°C/day. \ 

1971. The method of claim 1961, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction.! 
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1 972. The method ©f claim 1961, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1973. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 974. The method of clainA 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons ara olefins. 

1 975 . The method of claim 1 961, wherein the produced mixture comprises non- 
condensable hydrocarbons, andj^bsfein-ar^^olar ratio of ethene to ethane in the non- 
condensable hydrocarbons raii^eafrom ab6ut) 0.001 to about 0.15. 

1 976. The method of claim 1 96 1 , Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1977. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons k oxygen. 

1978. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1979. The method of claim 1961, whereinlthe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigh! to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 1 
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1980. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1981. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1982. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes.^V ^\ 

1983. The method of claim 1 96T7^^erein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalWies. 

1984. The method of claim 1 961 , wherein the produced mixture comprises a non- 
condensable component, wherein the nAn-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen isUess than about 80 % by volume of the non- 
condensable component. 1 

1985. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by Weight of the produced mixture is ammonia. 

1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1987. The method of claim 1961, further comprising controlling a pressure within at 
least a majority of\he selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1988. The method of alaim 1961, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. \ 

1 989. The method of claim 1 988, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1 990. The method of claim 1 96 1 , further comprising altering a pressure within the 
formation to inhibit production <$>f hydrocarbons from the formation having carbon 
numbers greater than about 25/^f / ^ 

1 99 1 . The method of claim 1 96 1 , mirther comprising controlling formation conditions 
by recirculating a portion of hydrogetofrom the mixture into the formation. 

1 992. The method of claim 1 96 1 , furaher comprising: 

providing hydrogen (H2) to the Wated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

1 993 . The method of claim 1 96 1 , furthen comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

1 994. The method of claim 1 96 1 , wherein Allowing the heat to transfer comprises 
increasing a permeability of a majority of thelselected section to greater than about 100 
millidarcy. \ 
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1 995. The method ofclaim 1961, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. \ 

1996. The method of claim\ 1961, further comprising controlling the heat to yield greater 
than about 60 % by weight on condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

1997. The method of claim 1961 , wherein producing the mixture comprises producing 
the mixture in a production well, Wd wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 998. The method of claim 1^961 , fmrtMer apprising providing heat from three or more 
heat sources to at least a portion ^TtHTforaiation, wherein three or more of the heat 
sources are located in the formation m\a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern.V 

1999. The method of claim 1961, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and! wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2000. A method of treating a hydrocarbon containing formation in situ, comprising 
providing heat from one or more heatlsources to a selected section of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen to carbon ratio greater than about 0.025; 
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wherein the initial atomic oxygen to carbon ratio is less than about 0. 15; and 
producing a mixrure from the formation. 

2001 . The method of claim 2000, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

2002. The method of claim 20y0, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2003. The method of claim 2!000\ wner&n the one or more heat sources comprise 
electrical heaters. \\ 

2004. The method of claim 2000, wkerein the one or more heat sources comprise 
surface burners. r 

2005. The method of claim 2000, wheVein the one or more heat sources comprise 
flameless distributed combustors. \ 

2006. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

2007. The method of claim 2000, further comprising controlling a pressure and a 
temperature within at least a majority of thelselected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. I 

2008. The method of claim 2000, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eneiigy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by\the equation: 
Pwr = /2*F*C v */) 5 

wherein Pwr is the heaftng_£iiemy/day, h is an average heating rate of the 
formation, p B is formatiorymilk ijensit^, ai^i wherein the heating rate is less than about 10 
°C/day. 

2010. The method of claim 200(H\wherein allowing the heat to transfer comprises 
transferring heat substantially by condition. 

201 1 . The method of claim 2000, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of ai least about 25°. 

2013. The method of claim 2000, whereift the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by\weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2014. The method of claim 2000, wherein the produced mixture comprises non- 



condensable hydrocarbons, and wherein a mo 
condensable hydrocarbons ranges from about 



ar ratio of ethene to ethane in the non- 
3.00 1 to about 0.15. 
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20 15. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2016. The method of claim 2O00, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2017. The method of claim 2000Awherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarb^Mpi^sulfiM•. 

201 8. The method of claim 2000, wherei«^ne produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containingscompounds, and wherein the oxygen 
containing compounds comprise phenols. \ 

2019. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

2020. The method of claim 2000, wherein thevproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics wilfh more than two rings. 

►duced mixture comprises condensable 
[y weight of the condensable 



202 1 . The method of claim 2000, wherein the pv\ 
hydrocarbons, and wherein less than about 0.3 % 
hydrocarbons are asphaltenes. 



562 



Conley, Rose & Tayon, P.C. 



2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2023. The method of claim 2000, wherein the produced mixture comprises a non- 
condensable component, wnferein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2024. The method of clainaflOOft, wherefy the produced mixture comprises ammonia, 
and wherein greater than awii^^^W weight of the produced mixture is ammonia. 

2025. The method of claim 200(K wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to jwx>duce fertilizer. 

2026. The method of claim 2000, further comprising controlling a pressure within at 
least a majority of the selected section the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2027. The method of claim 2000, furtheA comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2028. The method of claim 2027, wherein tthe partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2029. The method of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbaps from the formation having carbon 
numbers greater than about 25. 
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2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion\>f hydrogen from the mixture into the formation. 

203 1 . The method of claimyOOO, further comprising: 

providing hydrogen (Fb) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

2032. The method of claim 2000Afurther comprising: 

producing hydrogen and cordensaljle hydrocarbons from the formation; and 
hydrogenating a portiorfof the produced condensable hydrocarbons with at least a 
portion of the produced hydrogeia^^Jb* / J 

2033. The method of claim 200o\wh*ein allowing the heat to transfer comprises 
increasing a permeability of a majorit>^efthe selected section to greater than about 100 
millidarcy. \ 

2034. The method of claim 2000, whereift allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. \ 

2035. The method of claim 2000, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. I 

2036. The method of claim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein all least about 7 heat sources are disposed in 
the formation for each production well. \ 

2037. The method of claim 2000, further compiling providing heat from three or more 
heat sources to at least a portion of the formation, Wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a 'triangular pattern. 

2038. The method of cflaim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation™ form a repetitive pattern of units. 

2039. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from onepr more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer frorA throne or more heat sources to a selected 
section of the formation; VT 

wherein the selected section nas been selected for heating using a moisture 
content in the selected section, and wnerbin at least a portion of the selected section 
comprises a moisture content of less tnan about 15%; and 

producing a mixture from the formation. 

2040. The method of claim 2039, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

2041 . The method of claim 2039, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2042. The method of claim 2039, wherein the! one or more heat sources comprise 
electrical heaters. \ 
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2043. The method of claim 203 9, wherein the one or more heat sources comprise 
surface burners. 

2044. The method di claim 2039, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2045. The method of cl^im 2039, wherein the one or more heat sources comprise natural 
distributed combustors. 

2046. The method of claim ^039, further comprising controlling a pressure and a 
temperature within at least a^rifajority oftfcie selected section of the formation, wherein 
the pressure is controlled aWjgnctijm of jfemperature, or the temperature is controlled as 
a function of pressure. 

2047. The method of claim 2039,\rarther comprising controlling the heat such that an 
average heating rate of the selected ^ection is less than about 1 °C per day during 
pyrolysis. 



2048. The method of claim 2039, wheVein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of tke hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some^ hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided\to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, V* is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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2049. The method orclaim 2039, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2052. The method of claim 20391 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aJjptffDjT % by^ight to about 15 % by weight of the 
condensable hydrocarbons as^olefms. / J 

2053. The method of claim 2039, wHerein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2054. The method of claim 2039, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboutu % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2056. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % ©y weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir.l 
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2057. The method ofyclaim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2058. The method of claimV>039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2059. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-pklgwomatics\with more than two rings. 

2060. The method of claim 2039, whfer^m the produced mixture comprises condensable 
hydrocarbons, and wherein less thaK about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2061 . The method of claim 2039, wherdin the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2062. The method of claim 2039, wherein flhe produced mixture comprises a non- 
condensable component, wherein the non-coAdensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10\% by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight bf the produced mixture is ammonia. 
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2064. The method tif claim 2039, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2066. The method of clairm2039, further comprising controlling formation conditions to 
produce the mixture, whereiAa partial pressure of H2 within the mixture is greater than 
about 0.5 bar. \ 

2067. The method of claim^OQjSr^to^hj the partial pressure of H2 within the mixture 
is measured when the mixtqreis at a production well. 

2068. The method of claim 2039,\xurther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

2069. The method of claim 2039, former comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2070. The method of claim 2039, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

207 1 . The method of claim 2039, further comprising: 

producing hydrogen and condensablelhydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 1 
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2072. The method ot claim 2039, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2073. The method of claim 2039, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. \ 

2074. The method of claim 2039, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

2075. The method of claimv2039,\ wher&nyproducing the mixture comprises producing 
the mixture in a production welvamwljerein at least about 7 heat sources are disposed in 
the formation for each production well. 

2076. The method of claim 2039, fumier comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in aVmit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2078. A method of treating a hydrocarbon coptaining formation in situ, comprising: 
providing heat from one or more heat sources to a selected section of the 

formation; I 
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allowing the fteat to transfer from the one or more heat sources to the selected 
section of the formation; 

wherein at least a portion of the selected section has an initial moisture content of 
less than about 15%; and' 

producing a mixturfe from the formation. 

2079. The method of claim E078, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least somey hydrocarbons within the selected section of the 
formation. 

2080. The method of claim 207^faffEer^mprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

208 1 . The method of claim 2078, herein the one or more heat sources comprise 
electrical heaters. 

2082. The method of claim 2078, wh^ein the one or more heat sources comprise 
surface burners. 

2083. The method of claim 2078, where\n the one or more heat sources comprise 
flameless distributed combustors. 

2084. The method of claim 2078, wherein \he one or more heat sources comprise natural 
distributed combustors. 



2085. The method of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temp mature, or the temperature is controlled as 
a function of pressure. 
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2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

2087. The method of clainA2078, wherein providing heat from the one or more heat 
sources to at least the portiomof formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/d^ provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*Cv*p B \ ^ 

wherein Pwr is the heating ^er^y/day, h is an average heating rate of the 
formation, p B is formation bulk densrt^Snd wherein the heating rate is less than about 10 
°C/day. \l 

2088. The method of claim 2078, wMre^i allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2089. The method of claim 2078, wherfein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greatertthan about 0.5 W/(m °C). 

2090. The method of claim 2078, whereiri the produced mixture comprises condensable 
hydrocarbons having an API gravity of at ld[ast about 25°. 

le produced mixture comprises condensable 
eight to about 15 % by weight of the 



209 1 . The method of claim 2078, wherein 1 
hydrocarbons, and wherein about 0.1 % by 
condensable hydrocarbons are olefins. 
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2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, ^nd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesd than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2095. The method of claim 20^8, wherein tMe produced mixture comprises condensable 
hydrocarbons, and wherein less thanaierffl 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon^ is sulfur. 

2096. The method of claim 2078, whe \n the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by w€ ight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols 



2097. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



he 



2098. The method of claim 2078, wherein 
hydrocarbons, and wherein less than about 5 
hydrocarbons comprises multi-ring aromatic; 



produced mixture comprises condensable 
% by weight of the condensable 
with more than two rings. 
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2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leS^s than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2100. The method of claim 207& wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclpalkanes. 

2101 . The method of claim 2078, wierein the produced mixture comprises a non- 
condensable component, wherein the Vion-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogep^tess^an about 80 % by volume of the non- 
condensable component. 

2102. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by Wight of the produced mixture is ammonia. 

2103. The method of claim 2078, whereimthe produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2104. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2105. The method of claim 2078, further comprising controlling formation conditions to 



produce the mixture, wherein a partial pressure 
about 0.5 bar. 



of H2 within the mixture is greater than 



2 1 06. The method of claim 2105, wherein the 
is measured when the mixture is at a production 



>artial pressure of H2 within the mixture 
well. 
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2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 21 

2108. The method of claim 20^8, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2 1 09. The method of claim 2078\ further comprising: 
providing hydrogen (H2) to\the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



2110. The method of claim 2078, 

producing hydrogen and co!ndei\sable hy 
hydrogenating a portion of the 

portion of the produced hydrogen. 



composing: 

ocarbons from the formation; and 
condensable hydrocarbons with at least a 



2111. The method of claim 2078, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tpe selected section to greater than about 100 
millidarcy. 

2112. The method of claim 2078, wherein Allowing the heat to transfer further 
comprises substantially uniformly increasing^ a permeability of a majority of the selected 
section. 



2113. The method of claim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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2114. The method of claim 2078, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2115. The method of claim 2D78, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2116. The method of claim 2078,\flxrther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern^jnd wherein a plurality of the units are repeated 
over an area of the formation t</Torm a repetitive pattern of units. 

2117. A method of treating a hydrocanron containing formation in situ, comprising: 
providing heat from one or moi^e\heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section is heatfed in a reducing environment during at least a 
portion of the time that the selected sectionlis being heated; and 

producing a mixture from the formation. 

2118. The method of claim 2117, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 

2119. The method of claim 2117, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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2 1 20. The method of clVim 2117, wherein the one or more heat sources comprise 
electrical heaters. \ 

2121. The method of claim\2 1 1 7, wherein the one or more heat sources comprise 
surface burners. \ 

2122. The method of claim 2 l\l 7, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2123. The method of claim 21 nWhereiir the one or more heat sources comprise natural 
distributed combustors. C \ / J 

2 124. The method of claim 2117, fimher comprising controlling a pressure and a 
temperature within at least a majority W the selected section of the formation, wherein 
the pressure is controlled as a function M temperature, or the temperature is controlled as 
a function of pressure. \ 

2125. The method of claim 2117, further Comprising controlling the heat such that an 
average heating rate of the selected section as less than about 1 °C per day during 
pyrolysis. \ 

2126. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formatiombulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

2127. The method of claimfcl 17, wherein allowing the heat to transfer comprises 
transferring heat substantial lyVby conduction. 

2128. The method of claim 2 1 X 7, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section i\ greater than about 0.5 W/(m °C). 

the produced mixture comprises condensable 
fast about 25°. 

2130. The method of claim 2117, wlJbrein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 vvby weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

i the produced mixture comprises non- 
nolar ratio of ethene to ethane in the non- 
lut 0.001 to about 0.15. 

2132. The method of claim 2117, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 11% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

produced mixture comprises condensable 
by weight, when calculated on an atomic 
en. 



2129. The method of claim : 
hydrocarbons having an API gravit 



vhereir 



2131. The method of claim 2117, where^ 
condensable hydrocarbons, and wherein a } 
condensable hydrocarbons ranges from abc 



2133. The method of claim 2117, wherein thf 
hydrocarbons, and wherein less than about 1 
basis, of the condensable hydrocarbons is oxyg 
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2134. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^ythan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2135. The method of claim 2 1 1 7 Wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % m weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phemols. 

2136. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tJiai^a&tmt^O % by weight of the condensable 
hydrocarbons are aromatic compoi 

2137. The method of claim 2117, wherMi the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboum % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2138. The method of claim 2117, wherein tme produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.\ % by weight of the condensable 
hydrocarbons are asphaltenes. 

2139. The method of claim 2117, wherein thelproduced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigl^l; to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2 1 40. The method of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conderkable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % 1>y volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2 142. The method of claini 2 1 1 7, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absoluteA 

2144. The method of claim 21 17,\further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressuhs^of Fb within the mixture is greater than 
about 0.5 bar. 

2145. The method of claim 2144, whfereiivlfhe partial pressure of H2 within the mixture 
is measured when the mixture is at a pHpduction well. 

2146. The method of claim 2117, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2147. The method of claim 2117, further comprising controlling formation conditions 
by recirculating a portion of hydrogen fromuhe mixture into the formation. 

2148. The method of claim 2117, further comprising: 
providing hydrogen (H2) to the heateq section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hdat from hydrogenation. 



2 149. The method of claim 2117, further comprising: 

producing hydrogen and condensable h [^drocarbons from the formation; and 
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hydrogenating apportion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2150. The method of claim 2117, wherein allowing the heat to transfer comprises 
increasing a permeability ora majority of the selected section to greater than about 100 
millidarcy. 

2151. The method of claim 2 lu 7, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2 1 52. The method of claim 2 1 l^lfurtherhomprising controlling the heat to yield greater 
than about 60 % by weight of GQnd^r^abiynydrocarbons, as measured by the Fischer 
Assay. 

2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2154. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a u$it of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2155. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit ©f heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wlWein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2156. A method of treating a hydrocarbon confining formation in situ, comprising: 
heating a first section of the formation tolproduce a mixture from the formation; 
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heating a second section of the formation; and 

recirculating a portion of the produced mixture from the first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. \ 

2157. The method of claim 2156, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2158. The method of claim 21561 wherein heating the first or the second section 
comprises heating with an electricall heater. 

2159. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a surface burn er. 

2160. The method of claim 2 15^^44^in heating the first or the second section 
comprises heating with a flameless distributed combustor. 

2161 . The method of claim 2156, wheWA heating the first or the second section 
comprises heating with a natural distributeolcombustor. 

Lprising controlling a pressure and a 
st or second section of the formation, 
l of temperature, or the temperature is 

2163. The method of claim 2156, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pyrolysis. \ 

2164. The method of claim 2156, wherein heatihg the first or the second section 
comprises: 1 
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2 1 62. The method of claim 2156, further cor 
temperature within at least a majority of the 
wherein the pressure is controlled as a flinctio^ 
controlled as a function of pressure. 



heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. y^T ^\ 

2165. The method of claim 2156,1 wnefein heating the first or the second section 
comprises transferring heat substantially by conduction. 

2 1 66. The method of claim 2156, wharein heating the first or the second section 
comprises heating the first or the second section such that a thermal conductivity of at 
least a portion of the first or the second sbction is greater than about 0.5 W/(m °C). 

2167. The method of claim 2156, wheremi the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2168. The method of claim 2156, wherein! the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

2169. The method of claim 2156, wherein tie produced mixture comprises non- 
condensable hydrocarbons, and wherein a mc|ar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about D.001 to about 0.15. 
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2 1 70. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Ifess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2171. The method of claim 21156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2172. The method of claim 215&, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocar bons is sulfur. 

2 1 73. The method of claim 2 1 56W|^j?ein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % byweight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenol. 

2174. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. I 

2175. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatids with more than two rings. 

2176. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about O.fe % by weight of the condensable 
hydrocarbons are asphaltenes. I 
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2 1 77. The method of claim 21 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2178. The method or claim 2156, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and whereim the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

2179. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein greater tharf1ib<W 0.Q5 y6 by weight of the produced mixture is ammonia. 

2180. The method of claim 2|a56, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2181. The method of claim 2 1 56\ further comprising controlling a pressure within at 
. least a majority of the first or second section of the formation, wherein the controlled 

pressure is at least about 2.0 bar absolute. 

ter comprising controlling formation conditions to 
►ressure of H2 within the mixture is greater than 

1 the partial pressure of H2 within the mixture 
iction well. 

2 1 84. The method of claim 2156, further Comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 



2182. The method of claim 2156, 
produce the mixture, wherein a partial] 
about 0.5 bar. 



2183. The method of claim 2 1 82, where 
is measured when the mixture is at a prodl 
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2185. The method of claim 2156, further comprising: 
providing\hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons withm the first or second section; and 

heating a ponion of the first or second section with heat from hydrogenation. 

2186. The method of claim 2156, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hyotogen. 

2187. The method of claim 2u56, wherein heating the first or the second section 
comprises increasing a perraf^ability of asmajority of the first or the second section to 
greater than about ,1 00 millidai^. / I 

2188. The method of claim 2156/wherein heating the first or the second section 
comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. \ 

2 1 89. The method of claim 2156, furthe\ comprising controlling the heat to yield greater 
than about 60 % by weight of condensableMiydrocarbons, as measured by the Fischer 
Assay. \ 

2 1 90. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 

2191. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heaAsources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 
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2 1 92. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least apportion of the formation, wherein three or more of the heat 
sources are located in theYormation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2193. A method of treating aUiydrocarbon containing formation in situ, comprising: 
providing heat from onAor more heat sources to at least a portion of the 

formation; and \ 

allowing the heat to transrbr from the one or more heat sources to a selected 
section of the formation such thajJr^erm&ability of at least a portion of the selected 
section increases to greater thai\about 10(>rnillidarcy. 

2194. The method of claim 2193, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

2195. The method of claim 2193, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2196. The method of claim 2193, wherein the one or more heat sources comprise 
electrical heaters. \ 

2197. The method of claim 2193, wherein the otoe or more heat sources comprise 
surface burners. \ 

2198. The method of claim 2193, wherein the one tor more heat sources comprise 
flameless distributed combustors. \ 
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2199. The method of claim 2193, wherein the one or more heat sources comprise natural 
distributed combustors. 

2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

2201 . The method of claim 2193, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

2202. The method of claim 2 *#3, wherein providing heat from the one or more heat 
sources to at least the portion ofTfcrmatipn composes: 

heating a selected volume (Vydf the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and V 

wherein heating energy/day proviaed to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

2203 . The method of claim 2 1 93 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

2204. The method of claim 2193, wherein providmg heat from the one or more heat 
sources comprises heating the selected section sucnMiat a thermal conductivity of at least 
a portion of the selected section is greater than abouf\0.5 W/(m °C). 
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2205. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2206. The method of cla\m 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. \ 

2207. The method of claim 2P93, further comprising producing a mixture from the 
formation, wherein the produceambdlire comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethen^jto\etnane ill the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. j, 1 -^ 

2208. The method of claim 2193, furaier comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. \ 

2209. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when! calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. \ 

2210. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. \ 
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22 1 1 . The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherem the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weigkt to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \ 

22 1 2. The method of cmim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than aboutuO % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

2213. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by iWight oFlthe condensable hydrocarbons comprises multi- 
ring aromatics with more than t^^rings. / 

2214. The method of claim 2193, rather comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weigkt of the condensable hydrocarbons are 
asphaltenes. \ 

22 1 5. The method of claim 2 1 93, further Vomprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 %\by weight of the condensable hydrocarbons 
are cycloalkanes. \ 

2216. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of thanon-condensable component. 
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2217. The method of claim 2193, further comprising producing a mixture from the 
formation, whekein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2218. The methodW claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

22 1 9. The method of clkim 2193, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute 

2220. The method of claimM^/iurther comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 

2221 . The method of claim 2220, iWther comprising producing a mixture from the 
formation, wherein the partial pressing of H 2 within the mixture is measured when the 
mixture is at a production well. 

2222. The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2223. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation condition^by recirculating a portion of hydrogen 
from the mixture into the formation. 

2224. The method of claim 2193, further comprisW: 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the Wction; and 

heating a portion of the section with heat from hydrogenation. 

2225. The method of claim 2193, further comprising: 
producing>hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2226. The method of claim 2193, further comprising increasing a permeability of a 
majority of the selected section to greater than about 5 Darcy. 

2227. The method of claimQ 193, Wherein allowing the heat to transfer comprises 
substantially uniformly increa^ng a permeability of a majority of the selected section. 

2228. The method of claim 219S,Yurther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

2229. The method of claim 2193, furtmer comprising producing a mixture in a 
production well, wherein at least about T^heat sources are disposed in the formation for 
each production well. 

2230. The method of claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of^ieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

223 1 . The method of claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2232. A method oi^reating a hydrocarbon containing formation in situ, comprising: 
providing hearyfrom one or more heat sources to at least a portion of the 

formation; and 

allowing the heaAto transfer from the one or more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
selected section increases substantially uniformly. 

2233. The method of claim 2232, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least someWdrocarbons within the selected section of the 
formation. 

2234. The method of claim 2232,uWther comprising maintaining a temperature within 
the selected section within a pyrolysis\emperature range. 

2235. The method of claim 2232, wherein the one or more heat sources comprise 
electrical heaters. 

2236. The method of claim 2232, where\n the one or more heat sources comprise 
surface burners. 

2237. The method of claim 2232, wherein \he one or more heat sources comprise 
flameless distributed combustors. 

2238. The method of claim 2232, wherein th^ one or more heat sources comprise natural 
distributed combustors. 



593 



Conley, Rose & Tayon, P.C. 



2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

2241 . The method of claim 223 ^, wherein providing heat from the one or more heat 
sources to at least the portion of fiMmatien-^Qmpnses: 

heating a selected volum^f^-ofitjle hydrocarbon containing formation from the 
one or more heat sources, wherein thfc Skmation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least ^orpe hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation^ 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/dky, h is an average heating rate of the 
formation, p B is formation bulk density, and ^herein the heating rate is less than about 10 
°C/day. 

2242. The method of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2243. The method of claim 2232, wherein providing heat from the one or more heat 
sources comprises heating the selected section sucmthat a thermal conductivity of at least 
a portion of the selected section is greater than about\0.5 W/(m °C). 
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2244. The methocmf claim 2232, further comprising producing a mixture from the 
formation, wherein tnle produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. \ 

2246. The method of claim 223a further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. /^X j ^ 

2247. The method of claim 2232, fiutlw comprising producing a mixture from the 
formation, wherein the produced mixtureNcomprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wheh-calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. \ 

2248. The method of claim 2232, further contorising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. \ 

2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. \ 

2250. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \ 

225 1 . The method of claim\2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

2252. The method of claim 2232,>further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by wpigffiof the^£bndensable hydrocarbons comprises multi- 
ring aromatics with more than IwolriTigs^ / 

2253. The method of claim 2232, furtlidr comprising producing a mixture from the 
formation, wherein the produced mixture^aomprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight oAthe condensable hydrocarbons are 
asphaltenes. \ 

2254. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. \ 

2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises\a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condenWble component, and wherein the 
hydrogen is less than about 80 % by volume of the noricondensable component. 
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2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein\he produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2257. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute,. 

2259. The method of claim 22327^^€/comprising controlling formation conditions to 
produce a mixture from the formati^ wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2260. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the partial pressure of^ within the mixture is measured when the 
mixture is at a production well. 

2261 . The method of claim 2232, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2262. The method of claim 2232, further comprising producing a mixture from the 
formation and controlling formation conditions by Yecirculating a portion of hydrogen 
from the mixture into the formation. 

2263. The method of claim 2232, further comprising^ 
providing hydrogen (H2) to the heated section t^hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the section with heat from hydrogenation. 

2264. The method of claim 2232, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating portion of the produced condensable hydrocarbons with at least a 
portion of the produced lwdrogen. 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2266. The method of claim 2230., further comprising controlling the heat to yield greater 
than about 60 % by weight of coryle»saWe4wdrocarbons 3 as measured by the Fischer 
Assay. \ ] 

2267. The method of claim 2232, mother comprising producing a mixture in a 
production well, wherein at least about 7 heat sources are disposed in the formation for 
each production well. \\ 

2268. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

2269. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2270. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; and 

allowing tfte heat to transfer from the one or more heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. 

2271 . The method of clami 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2272. The method of claim 227dfiiilher comprising maintaining a temperature within 
the selected section within aroyrolysis temperature range. 

2273. The method of claim 2270, wn^rein the one or more heat sources comprise 
electrical heaters. 

2274. The method of claim 2270, whereui the one or more heat sources comprise 
surface burners. 

2275. The method of claim 2270, wherein tril? one or more heat sources comprise 
flameless distributed combustors. 

2276. The method of claim 2270, wherein the o^e or more heat sources comprise natural 
distributed combustors. 

2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating ratevof the selected section is less than about 1 °C per day during 
pyrolysis. \ 

2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portionVf formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and ■ 

wherein heating energy/da$q3rbvided to ink volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equationf: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energyAray, h is an average heating rate of the 
formation, p B is formation bulk density, and\wi*erein the heating rate is less than about 10 
°C/day. \ 

2280. The method of claim 2270, wherein all<Wing the heat to transfer comprises 
transferring heat substantially by conduction. \ 

228 1 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises heating the selected section suchtthat a thermal conductivity of at least 
a portion of the selected section is greater than abouttO.5 W/(m °C). 

2282. The method of claim 2270, further comprising Woducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. \ 

2283 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about O.I\% by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2284. The method of ckim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0/15. 

2285. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produceckmixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by^wight, wheq, calculated on an atomic basis, of the 
condensable hydrocarbons i§ nitrogen. 

2286. The method of claim 2270, ftifiher comprising producing a mixture from the 
formation, wherein the produced mixtulre comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, \/h^n calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, further Comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when\calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2288. The method of claim 2270, further comwising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of tie condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2289. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 %W weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more thaAtwo rings. 

2291 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

2292. The method of claim 227D^fiH^her comprising producing a mixture from the 
formation, wherein the produced mixture camjmses condensable hydrocarbons, and 
wherein about 5 % by weight to about 3U% by weight of the condensable hydrocarbons 
are cycloalkanes. V 

2293. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-iondensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2294. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is Wmonia. 

2295. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 
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2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the ibrmation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. \ 

2298. The method of claim 227K), further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well/\ 

2299. The method of claim 2270, fuMier comprising altering a pressure within the 
formation to inhibit production of hydmcaroons from the formation having carbon 
numbers greater than about 25. \ \ 

2300. The method of claim 2270, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. \ 

2301 . The method of claim 2270, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

2302. The method of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 
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2303. The metho<\of claim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2304. The method of cl^m 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of\:ondensable hydrocarbons, as measured by the Fischer 
Assay. 



2306. The method of clai 
production well, and where 
for each production well. 



?27(\ furtheKcomprising producing a mixture in a 
at le&t ab6ur 7 heat sources are disposed in the formation 



2307. The method of claim 2270, fufther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a\unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2308. The method of claim 2270, further Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2309. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one o^more heat sources to a selected 
section of the formation; and 
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controlling the heat to yield at least about 15 % by weight of a total organic 
carbon content of at least some of the hydrocarbon containing formation into condensable 
hydrocarbons. \ 

23 1 0. The method of claim 2309, wherein the one or more heat sources comprise at 
least two heat sources, ana wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

2311. The method of claim 2S09, further comprising maintaining a temperature within 
the selected section within a pyreiysis temperature range. 

23 12. The method of claim 2309\(w£ej^in the one or more heat sources comprise 
electrical heaters. i\ 

23 13. The method of claim 2309, wherein the one or more heat sources comprise 
surface burners. \ 

23 14. The method of claim 2309, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

23 15. The method of claim 2309, whereinthe one or more heat sources comprise natural 
distributed combustors. \ 

2316. The method of claim 2309, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of tempetature, or the temperature is controlled as 
a function of pressure. \ 
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23 17. The metfiod of claim 2309, further comprising controlling the heat such that an 
average heating rWe of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

23 1 8. The method of claim 2309, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) 5 and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \- ^ 

wherein heating efiergyAlay provideatto the volume is equal to or less than Pwr, 
wherein Pwr is calculate^jcth^quat^on: / 

Pwr - /z*K*C v */>* A 

wherein Pwr is the heatink energy/day, h is an average heating rate of the 
formation, p B is formation bulk den^ty, and wherein the heating rate is less than about 10 
°C/day. V\ 

23 1 9. The method of claim 2309, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, whereinWoviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2321. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. \ 

2322. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about O.I\% by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. \ 

2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0U5. 

2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 %1yy ^eigiitT^en calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. \ 

2325. The method of claim 2309, nirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. \ 

2326. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, whemcalculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. \ 

2327. The method of claim 2309, further composing producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \ 

2328. The method of claim 2309, further comprisingWoducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

2329. The method oi\claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 Vo by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more tftan two rings. 

2330. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 %^by^eignft>£ s die condensable hydrocarbons are 
asphaltenes. f \ j 

233 1 . The method of claim 2309, rasrther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 3ys% by weight of the condensable hydrocarbons 
are cycloalkanes. \ 

2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2333. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 
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2335. The method of claim 2309, further comprising controlling a pressure within at 
least a majority of ink selected section of the formation, wherein the controlled pressure 
is at least about 2.0 banabsolute. 

2336. The method of claim 2309, further comprising controlling formation conditions to 
produce a mixture from theVormation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar.\ 

2337. The method of claim 23\)9, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. \ 

2338. The method of claim 2^09, filrther comprising altering a pressure within the 
formation to inhibit production of hydtocarbojrts from the formation having carbon 
numbers greater than about 25. V \ 

2339. The method of claim 2309, furtheAcomprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. \ 

2340. The method of claim 2309, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

2341 . The method of claim 2309, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced conaensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 
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2342. The method of claim 2309, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2343. The method oWaim 2309, wherein allowing the heat to transfer comprises 
substantially uniformlyWcreasing a permeability of a majority of the selected section. 

2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2345. The method of cl^m 2&09, further comprising producing a mixture in a 
production well, and whereinaFle&t abou/7 heat sources are disposed in the formation 
for each production well. \ LS 

2346. The method of claim 2309, farther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in\a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

2347. The method of claim 2309, furtherVomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unitW heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and \ 
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controlling the heat to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by the Fischer Assay. 

2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

235 1 . The method of claifn2§48, wherein the one or more heat sources comprise 
electrical heaters. \. \ / 

2352. The method of claim 2M& wherein the one or more heat sources comprise 
surface burners. \\ 

2353. The method of claim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 

2354. The method of claim 2348, wherein the one or more heat sources comprise natural 
distributed combustors. \ 

2355. The method of claim 2348, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

ing controlling the heat such that an 
tain about 1 °C per day during 



2356. The method of claim 2348, further compr 
average heating rate of the selected section is less 
pyrolysis. 
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2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyroJyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bM the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk oensity, and wherein the heating rate is less than about 10 
°C/day. ^\ 

2358. The method of claim 2348,lwherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2359. The method of claim 2348, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2360. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. \ 

2361 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. \ 
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2362. The metnod of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2363. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2364. The method of claim 2i48 il jurther comprising producing a mixture from the 
formation, wherein the prmuced mixturet:omprises condensable hydrocarbons, and 
wherein less than about 1 %^weighft, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen.^ 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weighA when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. \ 

2366. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weiglk of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein tlae oxygen containing compounds comprise 
phenols. \ 

2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 
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2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics withVnore than two rings. 

2369. The method oAclaim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

2370. The method of claim2344M*«^er comprising producing a mixture from the 
formation, wherein the j^oduted mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weighTSabouOO % by weight of the condensable hydrocarbons 
are cycloalkanes. \\ 

2371 . The method of claim 2348\further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume oAthe non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2372. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 
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2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2375. The method of clVim 2348, further comprising controlling formation conditions to 
produce a mixture from thV formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 ban 

2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is at a production well. \ 

2377. The method of claim 23k^flirthery^omprising altering a pressure within the 
formation to inhibit production of hyorocOTJons from the formation having carbon 
numbers greater than about 25. yV 

2378. The method of claim 2348, furtheV comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. \ 

2379. The method of claim 2348, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heaA from hydrogenation. 

2380. The method of claim 2348, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced conuensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 
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2381. The methocRof claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2382. The method of cl^im 2348, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2383. The method of claimG348, further comprising producing a mixture in a 
production well, and wherein W least about 7 heat sources are disposed in the formation 
for each production well. \ 

2384. The method of claim 234jUiirther comprising providing heat from three or more 
heat sources to at least a portion on the formation, wherein three or more of the heat 
sources are located in the formalism in aiimt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2385. The method of claim 2348, furftier^omprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in atanit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2386. A method of treating a hydrocarbomcontaining formation in situ, comprising: 
heating a first section of the formation to pyrolyze at least some hydrocarbons in 

the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the second section and produce a second mixture from the formation; and 

leaving an unpyrolyzed section betweemthe first section and the second section to 
inhibit subsidence of the formation. \ 
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2387. The method of claim 2386, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2388. The method of elds 
section comprises heating 

2389. The method of claim 3386, wherein heating the first section or heating the second 
section comprises heating with\a surface burner. 

2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

2391 . The method of claim 25^67whereinKe^tin^ the first section or heating the second 
section comprises heating wiuv^natural distributeoVcombustor. 

2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority oMhe first or second section of the formation, 
wherein the pressure is controlled as a funpion of temperature, or the temperature is 
controlled as a function of pressure. \ 

2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. \ 

2394. The method of claim 2386, wherein heating the first section or heating the second 
section comprises: \ 

heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has ala average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 



2386, wherein heating the first section or heating the second 
vith an electrical heater. 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*Ck*p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formatiori bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

2395. The method of claim 2886, wherein heating the first section or heating the second 
section comprises transferring-Bpt-subst^ntially by conduction. 

2396. The method of clais^386Wherein heating the first section or heating the second 
section comprises heating the fornrauon such that a thermal conductivity of at least a 
portion of the first.or second section/Wpectively, is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

2398. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about y.l % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. \ 

2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2400. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about ft % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 
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2401 . The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

2402. The methodW claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

2403. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds (comprise phenols. 

2404. The method of claim 29k£6\wherein tne first or second mixture comprises 
condensable hydrocarbons, and wheYein\gr£ater than about 20 % by weight of the 
condensable hydrocarbons are aromatfc compounds. 

2405. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein loss than about 5 % by weight of the 
condensable hydrocarbons comprises multiVring aromatics with more than two rings. 

2406. The method of claim 2386, wherein ttte first or second mixture comprises 
condensable hydrocarbons, and wherein less tWan about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. \ 

2407. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. \ 

2408. The method of claim 2386, wherein the first or sfecond mixture comprises a non- 
condensable component, and wherein the non-condensabte component comprises 
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hydrogeV and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein greater than about 0.05 % by weight of the first or second mixture 
is ammonia. \ 

2410. The method of cmim 2386, wherein the first or second mixture comprises 
ammonia, and wherein tha ammonia is used to produce fertilizer. 

241 1 . The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 baj^soluteN 

2412. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of H2 within the first or 
second mixture is greater than about 0.5 tar. 

2413. The method of claim 2386, wherein \ partial pressure of H 2 within the first or 
second mixture is measured when the first or second mixture is at a production well. 

2414. The method of claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

2415. The method of claim 2386, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the first or second mixture into the formation. 

24 1 6. The method of claim 23 86, further comprising: \ 
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providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heatink a portion of the first or second section, respectively, with heat from 
hydrogenation. \ 

2417. The methodW claim 2386, further comprising: 

producing hyotogen and condensable hydrocarbons from the formation; and 
hydrogenating a\portion of the produced condensable hydrocarbons with at least a 
portion of the produced Iwdrogen. 

241 8. The method of claiA 23 86, wherein heating the first section or heating the second 
section comprises increasing \ permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. 

241 9. The method of claim 23^Wherein^h^ating the first section or heating the second 
section comprises substantially unifcwmly increasing a permeability of a majority of the 
first or second section, respectively. \\ 

2420. The method of claim 2386, furtheV comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by the Fischer Assay, from the first or second section, respectively. 

2421 . The method of claim 2386, wherein producing the first or second mixture 
comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation Vor each production well. 

2422. The method of claim 2386, further comprisin&providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat soufces, and wherein the unit of heat 
sources comprises a triangular pattern. \ 



621 



Conley, Rose & Tayon, P.C. 



\ 

2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources toVt least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

* \ 

2424. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and \ 

producing a mixture froimthe formation through one or more production wells, 
wherein the heating is controlled sjtoh^thatAe mixture can be produced from the 
formation as a vapor, and wher^uiarJeast about 7 heat sources are disposed in the 
formation for each production well. \ 

2425. The method of claim 2424, where^kthe one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

2426. The method of claim 2424, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2427. The method of claim 2424, wherein the one o\ more heat sources comprise 
electrical heaters. \ 

2428. The method of claim 2424, wherein the one or mdre heat sources comprise 
surface burners. \ 
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2429. The method of claim 2424, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2430. The method oKclaim 2424, wherein the one or more heat sources comprise natural 
distributed combustors. 

243 1 . The method of claim 2424, further comprising controlling a pressure and a 
temperature within at least A majority of the selected section of the formation, wherein 
the pressure is controlled as ^function of temperature, or the temperature is controlled as 
a function of pressure. 

2432. The method of claim 242^L further comprising controlling the heat such that an 
average heating rate of the sele^fedysection l^less than about 1 °C per day during 
pyrolysis. 

2433. The method of claim 2424, whd^n providing heat from the one or more heat 
sources to at least the portion of formation Comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some^iydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided t^ the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h \s an average heating rate of the 
formation, p B is formation bulk density, and where\n the heating rate is less than about 10 
°C/day. 



2434. The method of claim 2424, wherein allowing t^ie heat to transfer comprises 
transferring heat substantially by conduction. 
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2435. The memod of claim 2424, wherein providing heat from the one or more heat 
sources comprised heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having any\PI gravity of at least about 25°. 

2437. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2438. The method of claim 2^2^wher^m the produced mixture comprises non- 
condensable hydrocarbons, ak^wnerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges flram about 0.001 to about 0.15. 

2439. The method of claim 2424, wnferfein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2440. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2441 . The method of claim 2424, wherein theWoduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % W weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. \ 

2442. The method of claim 2424, wherein the proauced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abouA30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compound^ and wherein the oxygen 
containing compounds comprise phenols. \ 
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2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2444. The method oficlaim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and whe\ein less than about 5 % by weight of the condensable 
hydrocarbons comprisesVnulti-ring aromatics with more than two rings. 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenesA 

2446. The method of claim z42&, wjhetein the produced mixture comprises condensable 
hydrocarbons, and wherein abound % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclqalkanes. 

2447. The method of claim 2424, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

2448. The method of claim 2424, wherein tne produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.6 bar absolute. 

245 1 . The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2452. The method of claAn 2452, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production)^£kxdrocarbons from the formation having carbon 
numbers greater than about 25. 

2454. The method of claim 2424, ronher comprising controlling formation conditions 
by recirculating a portion of hydrogeVnxom the mixture into the formation. 

2455. The method of claim 2424, further comprising: 
providing hydrogen (H2) to the l\eated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section wfth heat from hydrogenation. 

2456. The method of claim 2424, further Comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2457. The method of claim 2424, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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2458. The method 6f claim 2424, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2459. The method of cl&m 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2460. The method of claim\2424, further comprising providing heat from three or more 
heat sources to at least a portrpn of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2461 . The method of claim 2424\ further comprising providing heat from three or more 
heat sources to at least a portion ofuie formation, wherein three or more of the heat 
sources are located in the formatioinn amnit of heat sources, wherein the unit of heat 
sources comprises a triangular pattemyWid wherein a plurality of the units are repeated 
over an area of the formation to form a\repetitive pattern of units. 

2462. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation, wherein the one or more heat soWces are disposed within one or more first 
wells; \ 

allowing the heat to transfer from the We or more heat sources to a selected 
section of the formation; and \ 

producing a mixture from the formation through one or more second wells, 
wherein one or more of the first or second wells\are initially used for a first purpose and 
are then used for one or more other purposes. \ 

2463. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purposacomprises providing heat to the 
formation. \ 
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2464. The method W claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing water from the formation. 

2466. The method of claim 2462, wherein the first purpose comprises producing the 
mixture, and wherein the second purpose comprises removing water from the formation. 

2467. The method of claim 2462, wherein the one or more heat sources comprise 
electrical heaters. \ 

2468. The method of claim 2462^her£m the one or more heat sources comprise 
surface burners. \ \ 

2469. The method of claim 2462, wkerein the one or more heat sources comprise 
flameless distributed combustors. \ 

2470. The method of claim 2462, wheifein the one or more heat sources comprise natural 
distributed combustors. \ 

2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of theWlected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. \ 

2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1.0 ° C per day during 
pyrolysis. \ 
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2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a\selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sburces, wherein the formation has an average heat capacity (C v ) 5 and 
wherein the heatingWrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /z*F*C v *M 

wherein Pwr is the neating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

2474. The method of claini24?>2u whereuKproviding heat from the one or more heat 
sources comprises heating die seleKed section such that a thermal conductivity of at least 
a portion of the selected section fls greater than about 0.5 W/(m °C). 

2475. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2476. The method of claim 2462, whereiAthe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 

2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.0Q1 to about 0.15. 

2478. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. ] 
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2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, \nd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2480. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2481 . The method of clami 2462, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds compriW-phenQls. 

2482. The method of claim 24&L v^jerein the produced mixture comprises condensable 
hydrocarbons, and wherein greatemhan about 20 % by weight of the condensable 
hydrocarbons are aromatic compourmk 

2483. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abW 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2484. The method of claim 2462, whereiA the produced mixture comprises condensable 
hydrocarbons, and wherein less than about Q.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

2485. The method of claim 2462, wherein theWoduced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weighAto about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 
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2486. The method of claim 2462, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2487. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein greateAthan about 0.05 % by weight of the produced mixture is ammonia. 

2488. The method oftclaim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2489. The method of clami 2462, further comprising controlling a pressure within at 
least a majority of the selejysed-seetkm of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. ) 

2490. The method of claim 24&L further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

2491 . The method of claim 2490, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. \ 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

2493. The method of claim 2462, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. \ 
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2494. The Wthod of claim 2462, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the sectfon; and 

heating abortion of the section with heat from hydrogenation. 

2495. The methodW claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability c^f a majority of the selected section to greater than about 100 
millidarcy. 

2497. The method of claim 24£2 a wherein allowing the heat to transfer comprises 
substantially unifoniil\>ilicreasing a penheability of a majority of the selected section. 



2498. The method of claim 2462\ further cbmprising controlling the heat to yield greater 
than about 60 % by weight of cond^s^bl/hydrocarbons, as measured by the Fischer 
Assay. 

2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2500. The method of claim 2462, further Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

250 1 . The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation! wherein three or more of the heat 
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sources are located V\the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2502. A method for forn\ing heater wells in a hydrocarbon containing formation, 
comprising: 

forming a first welltiore in the formation; 
forming a second wellbore in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mechanism within the second wellbore such that the heating mechanisms can 
provide heat to at least a portjp^Si' theTbcmation. 

2503. The method of claim f^wbersin superposition of heat from the at least one 
heating mechanism within the firsAwellbojfc and the at least one heating mechanism 
within the second wellbore pyrolyz^at least some hydrocarbons within a selected 
section of the formation. 

2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2505. The method of claim 2502, wherei\i the heating mechanisms comprise electrical 
heaters. 

. 2506. The method of claim 2502, wherein th\; heating mechanisms comprise surface 
burners. 



2507. The method of claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustors. 
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2508. The method of claim 2502, wherein the heating mechanisms comprise natural 
distributed combustors. 

2509. The methocl of claim 2502, further comprising controlling a pressure and a 
temperature within ak least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. \ 

2510. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbonk is less than about 1 °C per day during pyrolysis. 

2511. The method of claim 25oAfiirther comprising: 

heating a selected voluni^K) of the\hydrocarbon containing formation from the 
heating mechanisms, wherein the foAn^tion has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leasmpme hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/daA h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

2512. The method of claim 2502, further comprising allowing the heat to transfer from 
the heating mechanisms to at least the portion of the formation substantially by 
conduction. \ 

25 13. The method of claim 2502, further comprising providing heat from the heating 
mechanisms to at least the portion of the formation sucAthat a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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25 14. The method of claim 2502, further comprising producing a mixture from the 
formation, whereto the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2515. The method oV claim 2502, further comprising producing a mixture from the 
formation, wherein theWoduced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by Weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. \ 

25 16. The method of clai|m2502 ? further comprising producing a mixture from the 
formation, wherein the produoea mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethena to Ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.1 5.\ 

25 1 7. The method of claim 2502,\further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. \ 

25 1 8. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. \ 

25 19. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. \ 
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2520. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weigfit to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \ 

252 1 . The method of claiA 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 

2522. The method of claim 2502, rattherramprising producing a mixture from the 
formation, wherein the produced mixmte comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight] o^the (Condensable hydrocarbons comprises multi- 
ring aromatics with more than two ringte. )f 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

2524. The method of claim 2502, further comprisinjWoducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight ofithe condensable hydrocarbons 
are cycloalkanes. \ 

2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2526. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the Produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2527. The method of claim ^502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 

2528. The method of claim 2502, rarther comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. \ 

2529. The method of claim 2528, whei^mthe partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. V / / 

2530. The method of claim 2502, further conWising producing a mixture from the 
formation, wherein the partial pressure of H 2 wittiin the mixture is measured when the 
mixture is at a production well. \ 

253 1 . The method of claim 2502, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons fromVhe formation having carbon 
numbers greater than about 25. \ 

2532. The method of claim 2502, further comprising pnMucing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. \ 

2533. The method of claim 2502, further comprising: \ 

providing hydrogen (H 2 ) to the portion to hydrogenate hydrocarbons within the 
formation; and m 
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heatingva portion of the formation with heat from hydrogenation. 

2534. The method\pf claim 2502, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced nydrogen. 

2535. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a seleVted section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formatio A increases to greater than about 100 millidarcy. 

2536. The method of claim 2502,Vurther comprising allowing heat to transfer from the 
heating mechanisms to a selected seWiTofthe formation to pyrolyze at least some 
hydrocarbons within the selected sktW such that a permeability of a majority of the 
selected section increases substantially ^fomuy. 

2537. The method of claim 2502, furth\r Comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hYdrocarbons, as measured by the Fischer 
Assay. \ 

2538. The method of claim 2502, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. \ 

2539. The method of claim 2502, further comprising forming a production well in the 
formation using magnetic tracking such that the producti(m well is substantially parallel 
to the first wellbore and coupling a wellhead to the third weilbore. 

2540. The method of claim 2502, further comprising providing: heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are locatedMn the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

254 1 . The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the foirnation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulaA pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2542. A method for installing attieater well into a hydrocarbon containing formation, 



comprising: 

forming a bore in the ground ^sing 
providing a heating mechanisr 



able motor and an accelerometer; and 
lin the- pore such that the heating mechanism 



can transfer heat to at least a portion ot the foraiation. 

2543. The method of claim 2542, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected sectioAof the formation. 

2544. The method of claim 2542, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2545. The method of claim 2542, wherein the heat\ng mechanism comprises an 
electrical heater. 

2546. The method of claim 2542, wherein the heating ^echanism comprises a surface 
burner. 



2547. The method of claim 2542, wherein the heating mechanism comprises a flameless 
distributed combustor. 
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2548. The method of claim 2542, wherein the heating mechanism comprises a natural 
distributed combustor. 



2549. The method of claim 2542, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as ^function of temperature, or the temperature is controlled as a 
function of pressure. 

2550. The method of claim z542, further comprising controlling the heat from the 
heating mechanism such that neat transferred from the heating mechanism to at least the 
portion of the formation is lessthan about 1 °C per day during pyrolysis. 



2551. The method of claim 2^4^Jurtnefy comprising: 

heating a selected volume (VJ <#the hydrocarbon containing formation from the 
heating mechanism, wherein the fori nation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least^ome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation^ 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/d^v, h is an average heating rate of the 
formation, p B is formation bulk density, and wjierein the heating rate is less than about 10 
°C/day. 



2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the\formation substantially by 
conduction. 

2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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2554. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein me produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2555. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2556. The method of claim : 
formation, wherein the produfc 
wherein a molar ratio of ethene 
from about 0.001 to about 0.15. 



r comprising producing a mixture from the 
ixtur^jcomprises non-condensable hydrocarbons, and 
eth^h^ in the non-condensable hydrocarbons ranges 



2557. The method of claim 2542, farther comprising producing a mixture from the 
formation, wherein the produced mixftire comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight\when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2558. The method of claim 2542, further Comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when\;alculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2559. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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2560. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weiVht to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing Compounds, and wherein the oxygen containing compounds comprise 
phenols. 

2561 . The method of Maim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than aboi^t 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2562. The method of clain\2542, further comprising producing a mixture from the 
formation, wherein the produfcedjjiixture comprises condensable hydrocarbons, and 
wherein less than about 5 %lA weight oqthe condensable hydrocarbons comprises multi- 
ring aromatics with more thantfyo rings. 

2563. The method of claim 2542,Y(urfher comprising producing a mixture from the 
formation, wherein the produced mature comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2564. The method of claim 2542, furthek comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 %\by weight of the condensable hydrocarbons 
are cycloalkanes. 



2565. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 



greater than about 10 % by volume of the non-com 
hydrogen is less than about 80 % by volume of the 



ensable component, and wherein the 
non-condensable component. 
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2566. The methodW claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2567. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizeA 

2568. The method of claim 2:642, further comprising controlling a pressure within at 
least a majority of a selected seotioffof theNformation, wherein the controlled pressure is 
at least about 2.0 bar absolute.^ I 

2569. The method of claim 2542, Wt^er comprising controlling formation conditions to 
produce a mixture from the formation,wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. \ 

2570. The method of claim 2569, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

257 1 . The method of claim 2542, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

2572. The method of claim 2542, further comprising producing a mixture from the 
formation and controlling formation conditions bA recirculating a portion of hydrogen 
from the mixture into the formation. \ 

2573. The method of claim 2542, further comprising: 

providing hydrogen (H2) to the at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 
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heating a portion of the formation with heat from hydrogenation. 

2574. The method of claim 2542, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating k portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2575. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formaftpiri1icrea§iss to greater than about 100 millidarcy. 

2576. The method of claim furt^fer comprising allowing heat to transfer from the 
heating mechanism to a selectectoecfion of the formation to pyrolyze at least some 
hydrocarbons within the selected Action such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method of claim 2542, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

2578. The method of claim 2542, further Comprising producing a mixture in a 
production well, and wherein at least about Tyheating mechanisms are disposed in the 
formation for each production well. \ 

2579. The method of claim 2542, further composing providing heat from three or more 
heat sources to at least a portion of the formation^ wherein three or more of the heat 
sources are located in the formation in a unit of hekt sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 
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2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to\t least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises\a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the Formation to form a repetitive pattern of units. 

258 L A method for installing of wells in a hydrocarbon containing formation, 

comprising: \ 

forming a wellbore\in the formation by geosteered drilling; and 
providing a heating mechanism within the wellbore such that the heating 

mechanism can transfer heat to at least a portion of the formation. 

2582. The method of clamrz68 1 , Wher comprising maintaining a temperature within a 
selected section within a pyrolj^i^mperature range. 

2583. The method of claim 25 8 r\ wherein the heating mechanism comprises an 
electrical heater. \ 

2584. The method of claim 258 1, wherein the heating mechanism comprises a surface 
burner. \ 

2585. The method of claim 2581, wherem the heating mechanism comprises a flameless 
distributed combustor. \ 

2586. The method of claim 2581, wherein theWating mechanism comprises a natural 
distributed combustor. \ 

2587. The method of claim 2581, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, oisthe temperature is controlled as a 
function of pressure. 
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2588. The mettiod of claim 2581, further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 

2589. The method of claim 2581, further comprising: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating mechanism, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyroWzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bAthe equation: 

Pwr = h*V*C v *p B \ ^ — ^ 

wherein Pwr is the hearcuig energy/day, h is an average heating rate of the 
formation, p B is formation bulKO&nsity, and wherein the heating rate is less than about 10 
°C/day. \ p 

2590. The method of claim 2581, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. \ 

2591. The method of claim 2581, further Comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

2592. The method of claim 2581 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. \ 

2593 . The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about \.l % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2594. The methocfrof claim 2581, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratioW ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to ab\mt 0.15. 



2595. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the proauced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 %\by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons isWregen. 



2596. The method of claim 25 
formation, wherein the produced 



further 



comprising producing a mixture from the 
ixtu^ comprises condensable hydrocarbons, and 
wherein less than about 1 % by wetaht, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxyger 



2597. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture\comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wh\n calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2598. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2599. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 



2600. The methoa of claim 2581, further comprising producing a mixture from the 
formation, wherein me produced mixture comprises condensable hydrocarbons, and 
wherein less than aboW 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with moi^e than two rings. 

2601 . The method of clami 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 Jikfiy weight or^he condensable hydrocarbons are 
asphaltenes. 

2602. The method of claim 258 l^further comprising producing a mixture from the 
formation, wherein the produced mrmire comprises condensable hydrocarbons, and 
wherein about 5 % by weight to abou^ 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2603. The method of claim 258 1 , furtherVomprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comtorises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-oondensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2604. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2605. The method of claim 258 1 , further comprising procuring a mixture from the 
formation, wherein the produced mixture comprises ammo^a, and wherein the ammonia 
is used to produce fertilizer. 
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2606. The method of claim 2581, further comprising controlling a pressure within at 
least a majorityW a selected section of the formation, wherein the controlled pressure is 
at least about 2.dbar absolute. 



2607. The methochof claim 2581, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0j5 bar. 

2608. The method of cl&m 2607, wherein the partial pressure of H 2 within the mixture 
is measured when the mixftee is at^roduction well. 

2609. The method of claim 258^, further comprising altering a pressure within the 
formation to inhibit production W hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

2610. The method of claim 2581, kirther comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. \ 

2611. The method of claim 2581, furtherVomprising: 

providing hydrogen (H 2 ) to at least the heated portion to hydrogenate 
hydrocarbons within the formation; and \ 

heating a portion of the formation withWat from hydrogenation. 

2612. The method of claim 2581 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. J 
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2613. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section orthe formation increases to greater than about 100 millidarcy. 

2614. The method orVclaim 2581, further comprising allowing heat to transfer from the 
heating mechanism to Aselected section of the formation to pyrolyze at least some 
hydrocarbons within the Selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2615. The method of claim 2581, further comprising controlling the heat to yield greater 
than about 60 % by weight of^pwfensable hydrocarbons, as measured by the Fischer 
Assay. \\ J 

26 1 6. The method of claim 25 8 1 ,\|urther comprising producing a mixture in a 
production well, and wherein at leasWbout 7 heat sources are disposed in the formation 
for each production well. \ 

2617. The method of claim 2581, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a umit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

2618. The method of claim 2581, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit oiWat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wher&in a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

261 9. A method of treating a hydrocarbon containing formation in situ, comprising: 
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heating a selected section of the formation with a heating element placed within a 
wellbore, wherein at least one end of the heating element is free to move axially within 
the wellbore 19 allow for thermal expansion of the heating element. 

2620. The methW of claim 2619, further comprising at least two heating elements 
within at least twoWellbores, and wherein superposition of heat from at least the two 
heating elements pyiplyzes at least some hydrocarbons within a selected section of the 
formation. 

262 1 . The method of claim 26 1 9, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2622. The method of clai 
heater. 



>19, wherein the heating element comprises a pipe-in-pipe 



2623. The method of claim 2619\wjierein the heating element comprises a flameless 
distributed combustor. 

2624. The method of claim 26 1 9, wherein the heating element comprises a mineral 
insulated cable coupled to a support, and^ wherein the support is free to move within the 
wellbore. 

2625. The method of claim 26 1 9, wherein fifie heating element comprises a mineral 
insulated cable suspended from a wellhead. 



2626. The method of claim 26 1 9, further comrtising controlling a pressure and a 
temperature within at least a majority of a heatedWction of the formation, wherein the 
pressure is controlled as a function of temperature\or the temperature is controlled as a 
function of pressure. 
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2627. The method of claim 2619, further comprising controlling the heat such that an 
average Heating rate of the heated section is less than about 1 °C per day during pyrolysis. 

2628. The method of claim 261 9, wherein heating the section of the formation further 
comprises: \ 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating element, wherein the formation has an average heat capacity (C v ), and wherein 
the heating pyrolyzes at least some hydrocarbons within the selected volume of the 
formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /**F*C V *X 

wherein Pwr is th&fteatiri^nergy/day, h is an average heating rate of the 
formation, p B is formation milk density, and wherein the heating rate is less than about 10 
°C/day. 

wherein heating the section of the formation 
itially by conduction. 

2630. The method of claim 2619, further comprising heating the selected section of the 
formation such that a thermal conductivity of the selected section is greater than about 
0.5W/(m°C). \ 

263 1 . The method of claim 26 1 9, furthW comprising producing a mixture from the 
formation, wherein the produced mixture\comprises condensable hydrocarbons having an 
API gravity of at least about 25°. \ 

2632. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % m weight of the condensable hydrocarbons 
are olefins. \ 
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2629. The method of claim 2( 
comprises transferring heat subst 



f 



m 



2633. Tlae method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a motor ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about O.OOtl to about 0.15. 

2634. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2635. The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the producedjmixture comprises condensable hydrocarbons, and 
wherein less than about 1 m> b\ weight when calculated on an atomic basis, of the 
condensable hydrocarbonsi^w$ en / 

2636. The method of claim 26 1 9Mirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weigm, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. \ 

2637. The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein tiie oxygen containing compounds comprise 
phenols. \ 

2638. The method of claim 2619, further composing producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. \ 
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2639. Theunethod of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics \rath more than two rings. 

2640. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein me produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. \ 

2641 . The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weigh\ to abofyt 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. \ 

2642. The method of claim 261V, jforther comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-cohdensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2643 . The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixturacomprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced imxture is ammonia. 

2644. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. \ 
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2645. The method of claim 2619, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. \ 

2646. The method of claim 26 1 9, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than aboun0.5 bar. 

2647. The method onclaim 2647, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2648. The method of claim 26 1 9, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25^ ^ 

2649. The method of claim 26 \\ furaier comprising producing a mixture from the 
formation and controlling formatio\ conditions by recirculating a portion of hydrogen 
from the mixture into the formation. \ 

2650. The method of claim 26 1 9, farther comprising: 

providing hydrogen (H 2 ) to th© heated section to hydrogenate hydrocarbons 
within the heated section; and \ 

heating a portion of the section With heat from hydrogenation. 

265 1 . The method of claim 26 1 9, furtheV comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 

2652. The method of claim 26 1 9, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 
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2653 . The niethod of claim 26 1 9, wherein heating comprises substantially uniformly 
increasing a pefrneability of a majority of the heated section. 

2654. The method of claim 26 1 9, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2655. The method ofclaim 261 9, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production wellA 

2656. The method of clain\26 1 9, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangul^ pattern. ^ 

2657. The method of claim 2619mrther comprising providing heat from three or more 
heat sources to at least a portion of tne formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patternAand wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2658. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more hqat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the\one or more heat sources to a selected 
section of the formation; and \ 

producing a mixture from the formation through a production well, wherein the 
production well is located such that a majority af the mixture produced from the 
formation comprises non-condensable hydrocarrons and a non-condensable component 
comprising hydrogen. \ 
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2659. The methoa\pf claim 2658, wherein the one or more heat sources comprise at 
least two heat sourcek and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. ^ \ 

2660. The method of claim 265 8, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

266 1 . The method of claim 3658, wherein the production well is less than 
approximately 6 m from a heatWurce of the one or more heat sources. 

2662. The method of claim 2fe$Lwherein the production well is less than 
approximately 3 m from a heat souroe of throne or more heat sources. 

2663. The method of claim 2658, wherein the production well is less than 
approximately 1.5 m from a heat source of the one or more heat sources. 

2664. The method of claim 2658, wherein an additional heat source is positioned within 
a wellbore of the production well. \ 

2665. The method of claim 2658, wherein the one or more heat sources comprise 
electrical heaters. \ 

2666. The method of claim 2658, wherein thte one or more heat sources comprise 
surface burners. \ 

2667. The method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed combustors. \ 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 

2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressureA 

2670. The method of cla\m 2658, further comprising controlling the heat such that an 
average heating rate of the ^elected section is less than about 1 °C per day during 
pyrolysis. \ 

2671 . The method of claim 2o5S, wherein providing heat from the one or more heat 
sources to at least the portion afrorriiation comprises: 

heating a selected volume V^Tof the hydrocarbon containing formation from the 
one or more heat sources, wherein the i^rmation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and\wherein the heating rate is less than about 1 0 
°C/day. \ 

2672. The method of claim 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. \ 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2674. The methodW claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons havinAan API gravity of at least about 25°. 

2675. The method of olaim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbonaare olefins. 

2676. The method of (Aaim 2658, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons^anWlirom about 0.001 to about 0.15. 

2677. The method of claim 2658^wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thto about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2678. The method of claim 2658, wHerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aliout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons \s oxygen. 

2679. The method of claim 2658, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about\l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is smfiir. 

2680. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight toW>out 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 
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2681. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbonsNare aromatic compounds. 

2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2683. The method of clVm 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherpiflrkss than about 0.3 % by weight of the condensable 
hydrocarbons are asjmalteneV j 

2684. The method of claim 26158, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiir^bout\5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycPoalkanes. 

2685. The method of claim 2658, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2687. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2688. The method of claim 2658, further comprising controlling a pressure within at 
least a majority of the selected section of the formatiok wherein the controlled pressure 
is at least about 2.0 bar absolute. I 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. \ 

2690. The method of claim 2689, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2691 . The method of claim 2658, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 26. 

2692. The method of claini56*8N. tufther comprising controlling formation conditions 
by recirculating a portion of the lwatogen from the mixture into the formation. 

2693. The method of claim 2658, mrther comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and \ 

heating a portion of the section with heat from hydrogenation. 

2694. The method of claim 2658, further Comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. \ 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2696. The method of claim 2658, wherein allowing 
substantially uniformly increasing a permeability of 



[ the heat to transfer comprises 
1 majority of the selected section. 
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2697. The ntethod of claim 2658, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2699. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulartoattern. 

2700. The method of claim 265%-ftjkhdr comprising providing heat from three or more 
heat sources to at least a portion ofitn^Tormation, wherein three or more of the heat 
sources are located in the formatioiAin a^unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

270 1 . A method of treating a hydrocarbbn containing formation in situ, comprising: 
providing heat to at least a portionW the formation from one or more first heat 

sources placed within a pattern in the formation; 

allowing the heat to transfer from tha one or more first heat sources to a first 
section of the formation; \ 

heating a second section of the formation with at least one second heat source, 
wherein the second section is located within the\first section, and wherein at least the one 
second heat source is configured to raise an averse temperature of a portion of the 
second section to a higher temperature than an average temperature of the first section; 
and \ 
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producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
condensable hya^ocarbons and a non-condensable component comprising H2 
components. 

2702. The method of claim 270 1 , wherein the one or more first heat sources comprise at 
least two heat sources,Wd wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first section of the formation. 

2703. The method of claim 2701, further comprising maintaining a temperature within 
the first section within a pymlysis temperature range. 

2704. The method of claim 2 Y0 1 , wherein at least the one heat source comprises a 
heater element positioned withilrtfre production well. 

2705. The method of claim 270l\^vherein at least the one second heat source comprises 
an electrical heater. 

2706. The method of claim 270 1, whprein at least the one second heat source comprises 
a surface burner. 

2707. The method of claim 2701, where\n at least the one second heat source comprises 
a flameless distributed combustor. 

2708. The method of claim 270 1 , wherein ^t least the one second heat source comprises 
a natural distributed combustor. 

2709. The method of claim 270 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function <\f temperature, or the temperature is 
controlled as a function of pressure. 
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2710. The method of claim 270 1 , further comprising controlling the heat such that an 
average heatingVate of the first section is less than about 1 °C per day during pyrolysis. 

271 1 . The method of claim 270 1 , wherein providing heat to the formation further 
comprises: \ 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more first heat sources, wherein the formation has an average heat capacity (C v ), 
and wherein the heating Wrolyzes at least some hydrocarbons within the selected volume 
of the formation; and \ 

wherein heating ene\gy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated bjythe-equation: 

Pwr = h*V*C v *fa V \ 

wherein Pwr is theTteatmg ^ergy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. V 

2712. The method of claim 2701 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2713. The method of claim 270 1 , wherain providing heat from the one or more first heat 
sources comprises heating the first section such that a thermal conductivity of at least a 
portion of the first section is greater than aroout 0.5 W/(m °C). 

2714. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2715. The method of claim 2701, wherein the Produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. \ 
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2716. The method of claim 2701, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2717. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

271 8. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2719. The method of clami 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein\ess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Jbr^OTOcarbsuis is sulfur. 

2720. The method of claim 2701, Wnerein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 °A by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen contacting compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2721 . The method of claim 2701 , wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thany about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

2722. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromaticawith more than two rings. 

2723. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 %\by weight of the condensable 
hydrocarbons are asphaltenes. } 
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2724. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2725 . The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is\greater than about 10 % by volume of the non-condensable 
component, and wherein W hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

2726. The method of claim 4701, wherein the produced mixture comprises ammonia, 
and wherein greater than aboutV).05 % by weight of the produced mixture is ammonia. 

2727. The method of claim 2^04\ kvherein the produced mixture comprises ammonia, 
and wherein the ammonia is used tawdduce fertilizer. 

2728. The method of claim 2701, further comprising controlling a pressure within at 
least a majority of the first or the seconti section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2729. The method of claim 2701 , further Comprising controlling formation conditions to 
produce the mixture, wherein a partial presWe of H 2 within the mixture is greater than 
about 0.5 bar. \ 

2730. The method of claim 2729, wherein theVpartial pressure of H 2 within the mixture 
is measured when the mixture is at a productiomwell. 

273 1 . The method of claim 270 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons frdm the formation having carbon 
numbers greater than about 25. \ 
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2732. The method of claim 2701 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. The method oficlaim 270 1 , further comprising: 

providing hydrcygen (H2) to the first or second section to hydrogenate 
hydrocarbons within the nrst or second section, respectively; and 

heating a portion okthe first or second section, respectively, with heat from 
hydrogenation. \ 

2734. The method of claim 279 1 , further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion offVhe produced condensable hydrocarbons with at least a 
portion of the produced hydrogen/^ / ) 

273 5. The method of claim 270 1 , wherei^allowing the heat to transfer comprises 
increasing a permeability of a majority of the first or second section to greater than about 
100 millidarcy. \ 

2736. The method of claim 2701, wherein flowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the first or second 
section. \ 

2737. The method of claim 270 1 , wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by the Fischer Assay. \ 

2738. The method of claim 270 1 , wherein at least sibout 7 heat sources are disposed in 
the formation for each production well \ 
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2739. The method of claim 2701, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2740. The method oficlaim 2701, further comprising providing heat from three or more 
heat sources to at least \ portion of the formation, wherein three or more of the heat 
sources are located in theyformation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2741 . A method of treating aVydrocarbon containing formation in situ, comprising: 
providing heat into tKe 4rmatio)i from a plurality of heat sources placed in a 

pattern within the formation, wKef&ff'a spacing between heat sources is greater than 
about 6 m; Vv. 

allowing the heat to transferVrom the plurality of heat sources to a selected 
section of the formation; \ ^ 

producing a mixture from the formation from a plurality of production wells, 
wherein the plurality of production wells are positioned within the pattern, and wherein a 
spacing between production wells is greater than about 12 m. 

iuperposition of heat from the plurality of 
rbons within the selected section of the 

2743 . The method of claim 274 1 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2744. The method of claim 2741, wherein the plu rality of heat sources comprises 
electrical heaters. 1 



2742. The method of claim 274 1 , wherein^ 
heat sources pyrolyzes at least some hydroca 
formation. 
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2745. The method of claim 2741 , wherein the plurality of heat sources comprises 
surface burners\ 

2746. The methoci of claim 2741, wherein the plurality of heat sources comprises 
flameless distributed combustors . 

2747. The method of Vlaim 274 1 , wherein the plurality of heat sources comprises 
natural distributed combWors. 

2748. The method of claim 2741 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as ajaifictiorhaf temperature, or the temperature is controlled as 
a function of pressure. / J 

2749. The method of claim 274 1 Afufciher comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. \ 

2750. The method of claim 274 1 , wherein providing heat from the plurality of heat 
comprises: \ 

heating a selected volume (V) of the hydrocarbon containing formation from the 
plurality of heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ 

Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 1 
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275 1 . The riaethod of claim 2741, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least a portion of the selected section is 
greater than about 0)6 W/(m °C). 

2753. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons having an ftPI gravity of at least about 25°. 

2754. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein £roou^LL% by weight to about 15 % by weight of the 
condensable hydrocarbons^drcWefins. A 

2755. The method of claim 274lWherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2756. The method of claim 2741, wh&rein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2757. The method of claim 2741, whereiA the produced mixture comprises condensable 
hydrocarbons, and wherein less than about \ % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2758. The method of claim 2741, wherein thd produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % W weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur A 
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2759. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbonsVcomprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2761 . The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises nmlti-ring aromatics with more than two rings. 

2762. The method of claim 2J4 1 1 wherein the produced mixture comprises condensable 
hydrocarbons, and whereinlSsatlran about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. \ 

2763 . The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2764. The method of claim 2741, wherein the produced mixture comprises a non- 
condensable component, wherein the nonecondensable component comprises hydrogen, 
wherein the hydrogen is greater than abou\ 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

2765. The method of claim 2741, wherein theWoduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weigWt of the produced mixture is ammonia. 
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2766. The method of claim 2741, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of\he selected section of the formation, wherein the controlled pressure 
is at least about 2.0 W absolute. 

2768. The method of ciaim 2741, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. \ 

2769. The method of clainfy 68, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture-is afVproduction well. 

2770. The method of claim 274 K farther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

277 1 . The method of claim 274 1 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen ntom the mixture into the formation. 

2772. The method of claim 274 1 , furthencomprising: 

providing hydrogen (H2) to the selected section to hydrogenate hydrocarbons 
within the selected section; and \ 

heating a portion of the selected section with heat from hydrogenation. 

2773 . The method of claim 274 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced cbndensable hydrocarbons with at least a 
portion of the produced hydrogen. \ 
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2774. The m&thod of claim 2741 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. \ 

2775 . The methocfyof claim 274 1 , wherein allowing the heat to transfer comprises 
substantially unifonrdy increasing a permeability of a majority of the selected section. 

2776. The method of Claim 274 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. \ 

2777. The method of>fe5^74TTX^rein at least about 7 heat sources are disposed in 
the formation for ea<^OToduc\ion wellJ 

2778. The method of claim 2w, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2779. The method of claim 2741, fuither comprising providing heat from three or more 
heat sources to at least a portion of theVormation, wherein three or more of the heat 
sources are located in the formation in A unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2780. A system configured to heat a hydrobarbon containing formation, comprising: 

a heater disposed in an opening in thd formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; \ 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source tb a reaction zone in the formation during 
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use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein^ the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

278 1 . The system ORclaim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by difkision. 

2782. The system of claim V7#()rwh$rein the conduit comprises orifices, and wherein 
the orifices are configured/fo provide thejoxidizing fluid into the opening. 

2783. The system of claim 2780L wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation imth^ formation is controlled. 

2784. The system of claim 2780, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the cokduit is not substantially heated by oxidation. 

2785. The system of claim 2780, whereiAthe conduit is further configured to remove an 
oxidation product. \ 

2786. The system of claim 2780, wherein theVonduit is further configured to remove an 
oxidation product such that the oxidation product transfers substantial heat to the 
oxidizing fluid. \ 

2787. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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2788. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of theVormation beyond the reaction zone. 

2790. The system of claip>5TS0r^hercin the oxidizing fluid is substantially inhibited 
from flowing into portkms of thevformation beyond the reaction zone. 

2791 . The system of claim 2780, Wther comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein tne^conduit is further configured to remove an 
oxidation product during use. \ 

2792. The system of claim 2780, wherehAhe portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed Within the opening, and wherein the 
conductor is configured to heat at least a portion ©f the formation during application of an 
electrical current to the conductor. \ 

2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. \ 
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2795. The system of claim 2780, further comprising at least one elongated member 
disposed withimthe opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 

2796. The system orNclaim 2780, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation durW usfe^ 

2797. The system ofclattn 2780, iWher comprising an overburden casing coupled to 
the opening, wherein the o\^rbuip€n casing is disposed in an overburden of the 
formation. 

2798. The system of claim 2780, fCirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2799. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposedAat a junction of the overburden casing 
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and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2802. The system oKclaim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherW the packing material comprises cement. 

2803. The system of claim 2V80, wherein the system is further configured such that 
transferred heat can pyrolyze a\ least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable teHte&t aliydrocarbon containing formation, comprising: 
a heater configurable t\be <HSjX)sed in an opening in the formation, wherein the 

heater is further configurable to prcmde heat to at least a portion of the formation during 
use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; ahd 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyitolysis zone of the formation during use. 

2805. The system of claim 2804, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing Wid is transported through the reaction 
zone substantially by diffusion. \ 

2806. The system of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizinafluid into the opening. 
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2807. The System of claim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a\rate of oxidation in the formation is controlled. 

2808. The systemW claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidiWg fluid such that the conduit is not substantially heated by 
oxidation. \ 

2809. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product. \ 

2810. The system of claim 28P^*tf^rein the conduit is further configurable to remove 
an oxidation product, such tnat the oxidation product transfers heat to the oxidizing fluid. 

281 1 . The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flaw rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2812. The system of claim 2804, whereimthe conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. \ 

2813. The system of claim 2804, wherein the cdhduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond they-eaction zone. 
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2815. The system of claim 2804, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product ouring use. 

2816. The system of claim 2804, wherein the portion of the formation extends radially 
from the opening a widtmof less than approximately 0.2 m. 

2817. The system of claimV? 804, further comprising a conductor disposed in a second 
conduit, wherein the second Opnduit is disposed within the opening, and wherein the 
conductor is configurable to h^at at least a portion of the formation during application of 
an electrical current to the^cT5nd&ctorT\ 

281 8. The system of claim 28Q4,^irther comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. \ 

2819. The system of claim 2804, furthefi comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of thk formation during application of an electrical 
current to the at least the one elongated member. 

2820. The system of claim 2804, further coikprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger ife configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. \ 
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2821 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, ^herein the overburden casing is disposed in an overburden of the 
formation. \ 

2822. The systemW claim 2804, further comprising an overburden casing coupled to 
the opening, whereimthe overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein a packitfg^ateriaNs disposed at a junction of the overburden 
casing and the opening. \^_A(_^/ 

2825. The system of claim 2804, fiurcher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material rls disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and tke overburden casing during use. 

2826. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing \s disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2828. An in situ method for heating a hydrocarboA containing formation, comprising: 
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heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons wkhin the portion of the formation with an oxidizing fluid; 

providing thaoxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

2830. The method of claim 2(828u further/comprising directing at least a portion of the 
oxidizing fluid into the opening uVrau^i orifices of a conduit disposed in the opening. 

283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. \ 

2832. The method of claim 2828, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

2833. The method of claim 2828, wherein a\conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. \ 

uit is disposed within the opening, the 
product from the formation through 



2834. The method of claim 2828, wherein a cor 
method further comprising removing an oxidatior 
the conduit. 
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2835. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit\ 

2836. The method oftlaim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pr^ure between the oxidizing fluid and the oxidation 
product in the conduit to reduo^contamination of the oxidation product by the oxidizing 
fluid. Tl A J 

2838. The method of claim 2828, wBerein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

2839. The method of claim 2828, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2840. The method of claim 2828, wherein a aenter conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

2841 . The method of claim 2828, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to \ conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 

2843. The method of clWi 2828, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 



10 



2844. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 
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2845. The method of claim 282b , wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanged disgosgd external to the formation such that providing 
the oxidizing fluid into the opepin^comprise^ transferring heat from the heated oxidizing 
fluid to the portion. 



2846. The method of claim 2828, 
prior to heating the portion. 



sr comprising removing water from the formation 



20 2847. The method of claim 2828, furtheA comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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2848. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation. 
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2849. The method of claim 2828, further composing coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing conWises steel. 
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2850. The methoa of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

285 1 . The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

2852. The method of claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. \ 

2853. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portioHrtJfthe formation during use; 
an oxidizing fluid source^OL / J 

a conduit disposed in the openimg/wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and \ 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2854. The system of claim 2853, wherein the Oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing Tfluid is transported through the reaction 
zone substantially by diffusion. \ 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
and wherein the ciritical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2857. The system ofVlaim 2853, wherein the conduit is further configured to be cooled 
with the oxidizing fluidWch that the conduit is not substantially heated by oxidation. 

2858. The system of claim 2853, wherein the conduit is further configured such that the 
oxidation product transfers neat to the oxidizing fluid. 

2859. The system of claim 2853, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equalVo a flow rate of the oxidation product in the conduit. 

2860. The system of claim Z653\ wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidatioh^pmauc|>n the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 

2861 . The system of claim 2853, whdrein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2862. The system of claim 2853, whereiVi the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

iprising a center conduit disposed within 
figured to provide the oxidizing fluid into 

2864. The system of claim 2853, wherein the {jprtion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2863. The system of claim 2853, further cc 
the conduit, wherein the center conduit is cor 
the opening during use. 
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2865. The system of claim 2853, further comprising a conductor disposed in a second 
conduit, wherein theYsecond conduit is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during application of an 
electrical current to they conductor. 

2866. The system of claim 2853, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation duniig application of an electrical current to the insulated 
conductor. \ 

2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated memb^rA >v 

2868. The system of claim 2853, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchahger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the hekted oxidizing fluid is configured to heat at least a 
portion of the formation during use. \ 

2869. The system of claim 2853, further Comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

2870. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isldisposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



686 



Conley, Rose & Tayon, P.C. 



2871. The systeVi of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2872. The system of cl^iim 2853, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation, wherein a packing] 
and the opening, and wherein i 



lenaJ 



is disposed at a junction of the overburden casing 
g material is configured to substantially inhibit a 



flow of fluid between the opening abd the overburden casing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packings material comprises cement. 

2875. The system of claim 2853, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2876. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in ah opening in the formation, wherein the 
heater is further configurable to provide heat to ajt least a portion of the formation during 
use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid fiom an oxidizing fluid source to a 
reaction zone in the formation during use, wherein me system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
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that heat is generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the formation during use; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from\he reaction zone to a pyrolysis zone during use. 

2877. The system of claim 2876, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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2878. The system of cla 
the orifices are configurat 



^76, wfiferein the conduit comprises orifices, and wherein 
Jto>provide tjhe oxidizing fluid into the opening. 
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2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2880. The system of claim 2876, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that tyie conduit is not substantially heated by 
oxidation. 

2881 . The system of claim 2876, wherein tHe conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 



25 



2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of tHe oxidation product in the conduit. 



2883. The system of claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 
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2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2885. The system orclaim 2876, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2886. The system of claim 2876, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. \ 

2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less man approximately 0.2 m. 

2888. The system of claim 2!w6, fitrther comprising a conductor disposed in a second 
conduit, wherein the second conduiFK disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. \ 

2889. The system of claim 2876, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application ©f an electrical current to the insulated 
conductor. \ 

2890. The system of claim 2876, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. \ 

2891. The system of claim 2876, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
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opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 

2892. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

2893. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2894. The system of clami 2876, further comprising an overburden casing coupled to 
the opening, wherein the overbidden /Casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

2896. The system of claim 2876, furtheV comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the Averburden casing during use. 

2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing materiahcomprises cement. 
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2898. The system of claim 2876, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 
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2899. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizina gas to react with at least a portion of the hydrocarbons at 
the reaction zone to generate hiat in the reaction zone; 

removing at least a portion of an oxidation product through the opening; and 

transferring the generated neat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation 

2900. The method of claim 2899, further ((omp^sing transporting the oxidizing fluid 
through the reaction zone by diffusion. 

2901 . The method of claim 2899, furtheAcomprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

2902. The method of claim 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit di\posed in the opening such that a rate of 
oxidation is controlled. 



25 2903 . The method of claim 2899, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 



2904. The method of claim 2899, wherein a conduit Us disposed in the opening, the 
30 method further comprising cooling the conduit with tt^p oxidizing fluid such that the 
conduit is not substantially heated by oxidation. 
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2905. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing^ at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

2906. The method onclaim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conduit. 

2907. The method of claim 2899, wherein a conduit is disposed within the opening, 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the nortion of the oxidation product through the conduit, and 
wherein a flow rate of the oxidiziAs-ftuid in the conduit is approximately equal to a flow 
rate of the oxidation product in th^Vonduit) 

2908. The method of claim 2899, wherbin a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid. \ 

2909. The method of claim 2899, wherein a Vonduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reactionWne. 
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2910. The methbra of claim 2899, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2911. The method otF claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein me outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 

2912. The method of claim 2899, wherein the portion of the formation extends radially 
from the opening a width oNess than approximately 0.2 m. 

2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductondisposed in a conduit, wherein the conduit is disposed 
within the opening. \f 

2914. The method of claim 2899^wl!fierein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 

291 5. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

2916. The method of claim 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. \ 

29 1 7. The method of claim 2899, further comprising removing water from the formation 
prior to heating the portion. \ 

Lg controlling the temperature of the 
2S of nitrogen during oxidation. 
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29 1 8. The method of claim 2899, further comprisi] 
formation to substantially inhibit production of oxic 



2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2921 . The method of claimG899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the oj^rtrtirden casing is further disposed in cement. 

2922. The method of claim 2899L furtherjeomprising coupling an overburden casing to 
the opening, wherein a packing mMeji^As disposed at a junction of the overburden 
casing and the opening. \ 

2923. The method of claim 2899, wherein the pyrolysis zone is substantially adjacent to 
the reaction. \ 

2924. A system configured to heat a hydrocarbon containing formation, comprising: 
an electric heater disposed in an opening in the formation, wherein the electric 

heater is configured to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; \ 

a conduit disposed in the opening, wnerein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selecteduo oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zbne of the formation during use. 
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2925. The system of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reactron zone such that the oxidizing fluid is transported through the reaction 
zone substantiality diffusion. 

2926. The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2927. The system of craim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of ox\dation in the formation is controlled. 

2928. The system of claim 4924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such^wSFThsj conduit is not substantially heated by oxidation. 

2929. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product. V\ 

2930. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2932. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduk are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. \ 



Conley, Rose & Tayon, P.C. 



2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2934. The system ai claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into ponions of the formation beyond the reaction zone. 

2935. The system of clkim 2924, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, ana wherein the conduit is further configured to remove an 
oxidation product during use. 

2936. The system of claip* y 25247^erein the portion of the formation extends radially 
from the opening a widtWfJfias fharyapproximately 0.2 m. 

2937. The system of claim 2924kfurther comprising an overburden casing coupled to 
the opening, wherein the overburdm casing is disposed in an overburden of the 
formation. \ 

2938. The system of claim 2924, fdrther comprising an overburden casing coupled to 
the opening, wherein the overburdenlcasing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2939. The system of claim 2924, furthW comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden c^ing is further disposed in cement. 

2940. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 
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2941 . The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between tke opening and the overburden casing during use. 

2942. The system of clafrn 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereim the packing material comprises cement. 

2943. The system of claim 2924, wherein the system is further configured such that 
transferred heat can pyrolyzjgrlrt least sortae hydrocarbons in the pyrolysis zone. 

2944. A system configurable to h&t(aJ4ydrocarbon containing formation, comprising: 
an electric heater configurableyto be disposed in an opening in the formation, 

wherein the electric heater is further dpnfigurable to provide heat to at least a portion of 
the formation during use, and wherein W least the portion is located substantially adjacent 
to the opening; \ 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, Wid wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least feome hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrqlysis zone of the formation during use. 

2945. The system of claim 2944, wherein the okidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. J 
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2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2947. The system df claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2948. The system of claim 2944, wherein the conduit is further configurable to be 
cooled with the oxidizing Yluid such that the conduit is not substantially heated by 
oxidation. \ 

2949. The system of claim 2y44, wherein the conduit is further configurable to remove 
an oxidation product. /\ >v 

2950. The system of claim 2944Kwherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

295 1 . The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of tee oxidation product in the conduit. 

2952. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluia 

2953. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 
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2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2955. The system of ckim 2944, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 

2956. The system of claim\2944, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 29tt4, further comprising an overburden casing coupled to 
the opening, wherein the overtrtfeaetis^sing is disposed in an overburden of the 
formation. \ 

2958. The system of claim 2944, Jrarther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2959. The system of claim 2944, furtner comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2960. The system of claim 2944, further Comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

2961 . The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, anmwherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2962. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2964. A system configured to Heat a hydrocarbon containing formation, comprising: 

a conductor disposed in a rirst conduit, wherein the first conduit is disposed in an 
opening in the formation, and vdraFeihHhe conductor is configured to provide heat to at 
least a portion of the foimatioWjumguse; 

an oxidizing fluid source; ft 

a second conduit disposed in the opening, wherein the second conduit is 
configured to provide an oxidizing flura from the oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zone during use such that heat is generated at the 
reaction zone; and \ 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

oxidizing fluid is configured to generate 
g fluid is transported through the reaction 

2966. The system of claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide theloxidizing fluid into the opening. 



2965. The system of claim 2964, wherein i 
heat in the reaction zone such that the oxidizir 
zone substantially by diffusion. 
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2967. The system of claim 2964, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configured to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 

2968. The system of claim 2964, wherein the second conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2969. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product. 

2970. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. \ 

2971 . The system of claim v(hej£in the second conduit is further configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 

2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2973. The system of claim 2964, whereinvthe second conduit is further configured to 
remove an oxidation product, and wherein tlie oxidation product is substantially inhibited 
from flowing into portions of the formation Beyond the reaction zone. 

2974. The system of claim 2964, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2975. The system of claim 2964, further comprising a center conduit disposed within 
the second conduit, wherein the center conduit is configured to provide the oxidizing 
fluid into the openmg during use, and wherein the second conduit is further configured to 
remove an oxidationNproduct during use. 

2976. The system of clVim 2964, wherein the portion of the formation extends radially 
from the opening a width \)f less than approximately 0.2 m. 

2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overbVden casing is disposed in an overburden of the 
formation. \ 

2978. The system of claim 2964 jHtftheTc^ an overburden casing coupled to 
the opening, wherein the overb^dei^sij^s disposed in an overburden of the 
formation, and wherein the overburdemcasing comprises steel. 

2979. The system of claim 2964, furtherVomprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

2981. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, whereiira packing material is disposed at a junction of the overburden casing 
and the opening, and Vherein the packing material comprises cement. 

2983. The system of clam 2964, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2984. A system configurabl^totaat a hydrocarbon containing formation, comprising: 
a conductor configurable to/c/e disposed in a first conduit, wherein the first 

conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable tc^provide heat to at least a portion of the formation 
during use; \ 

a second conduit configurable\o be disposed in the opening, wherein the second 
conduit is further configurable to proviae an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formationMuring use, and wherein the system is 
configurable to allow the oxidizing fluid toWidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolykis zone of the formation during use. 

2985. The system of claim 2984, wherein the oxidiWg fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. \ 

2986. The system of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 

2987. The system of claim 2984, wherein the second conduit Comprises critical flow 
orifices, and wherein the critical flow orifices are configurable toycontrol a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 
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2988. The system of claim 2984, wherein the second conduit is further configurable to 
be cooled with theyoxidizing fluid to reduce heating of the second conduit by oxidation. 

2989. The system oOclaim 2984, wherein the second conduit is further configurable to 
remove an oxidation product. 

2990. The system of claiA2984, wherein the second conduit is further configurable to 
remove an oxidation producrsuch that the oxidation product transfers heat to the 
oxidizing fluid. V"" — -^^^ 

2991 . The system of claim 2984, V/herein the second conduit is further configurable to 
remove an oxidation^Foduct^and wherein a flow ^ate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate c^fthe oxidation product in the second conduit. 

2992. The system of claim 2984, whereirkthe second conduit is further configurable to 
remove an oxidation product, and wherein pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation produfct in the second conduit are controlled to 
reduce contamination of the oxidation product uy the oxidizing fluid. 

2993. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein the oxkration product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2994. The system of claim 2984, wherein the oxidizirig fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during use. \ 
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2996. Mie system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2997. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

2998. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the\>verburden casing is disposed in an overburden of the 
formation, and wherein theWerburden casing comprises steel. 

2999. The system of claim 29$4, further comprising an overburden casing coupled to 
the opening, wherein the ovei^>ii^^casingl^4isposed in an overburden of the 
formation, and wherein the (H^buraen casing is Ifurther disposed in cement. 

3000. The system of claim 2984, furtl^rbomprising an overburden casing coupled to 
the opening, wherein a packing material i\ disused at a junction of the overburden 
casing and the opening. \ 

3001 . The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposectat a junction of the overburden casing 
and the opening, and wherein the packing material re configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3002. The system of claim 2984, further comprising amoverburden casing coupled to 
the opening, wherein the overburden casing is disposed iman overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material compriseacement. 
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300a. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3004. Antn situ method for heating a hydrocarbon containing formation, comprising: 
heatink a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbon^within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit 
to provide heat to the ^portion, and wherein the first conduit is disposed within the 
opening; \ 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxjdfeing llTIitkQreact with at least a portion of the hydrocarbons at 
the reaction zone to generate Kbit at the reaction zone; and 

transferring theggnemt^teat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formatremk 

3005. The method of claim 3004, further cbmprising transporting the oxidizing fluid 
through the reaction zone by diffusion. \ 

3006. The method of claim 3004, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orificesW a second conduit disposed in the 
opening. \ 

3007. The method of claim 3004, further comprisingVontrolling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is controlled. \ 

3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time withiAthe reaction zone. 
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3009. \The method of claim 3004, wherein a second conduit is disposed in the opening, 
the methbd further comprising cooling the second conduit with the oxidizing fluid to 
reduce hearing of the second conduit by oxidation. 

3010. The meraod of claim 3004, wherein a second conduit is disposed within the 
opening, the metlrod further comprising removing an oxidation product from the 
formation through tke second conduit. 

301 1. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing flu^djnrthe second conduit. 

3012. The method of clahi?wHiQ4Vvherein ajsecond conduit is disposed within the 
opening, the method further compnsW reW)ving an oxidation product from the t 
formation through the second conduit,W^erein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal to* a flow rate of the oxidation product in the 
second conduit. \ 

3013. The method of claim 3004, wherein a \econd conduit is disposed within the 
opening, the method further comprising removmg an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. \ 

3014. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxioation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zqne. 
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3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a widthW less than approximately 0.2 m. 

3018. The method of claip>d004^ftirther comprising removing water from the formation 
prior to heating the portimi. \ | j 

3019. The method of claim 3004, rarther comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3020. The method of claim 3004, furtheV comprising coupling an overburden casing to 
the opening, wherein the overburden casing, is disposed in an overburden of the 
formation. \ 

3021 . The method of claim 3004, further composing coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3023. The method of claim 3004, further comprising coupling an overburden casing to 
the openings wherein a packing material is disposed at a junction of the overburden 
casing and tnfe opening. 

3024. A systemVonfigured to heat a hydrocarbon containing formation, comprising: 
an insulatecbeonductor disposed in an opening in the formation, wherein the 

insulated conductor iV configured to provide heat to at least a portion of the formation 
during use; \ 

an oxidizing fluid\source; 

a conduit disposed lk the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidifeing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing Wdjs selected to oxidize at least some hydrocarbons at 
the reaction zone during use/^ch\hat heht is generated at the reaction zone; and 

wherein the system^sconfiWurdd jo allow heat to transfer substantially by 
conduction from the reaction zone toV pyrolysis zone of the formation during use. 

3025. The system of claim 3024, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxiMizing fluid is transported through the reaction 
zone substantially by diffusion. \ 

3026. The system of claim 3024, wherein they conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3027. The system of claim 3024, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configure Ato control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3028. The system of claim 3024, wherein the conduit i\i configured to be cooled with the 
oxidizing fluid such that the conduit is not substantially treated by oxidation. 



709 



Conley, Rose & Tayon, P.C. 



3029. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product. 



3030. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation productXand wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 



303 1 . The system of cbaim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flW rate of the oxidation product in the conduit. 

3032. The system of claim 3054, wherein the conduit is further configured to remove an 
oxidation product, and wherein ^pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation productha-the^onduit are controlled to reduce contamination 
of the oxidation product by the>raiaizing fluft: 

3033. The system of claim 3024, whtobin the conduit is further configured to remove an 
oxidation product, and wherein the oxiaation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3024, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3035. The system of claim 3024, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit further configured to remove an 
oxidation product during use. 



3036. The system of claim 3024, wherein the portionW the formation extends radially 
from the opening a width of less than approximately 0.2> 
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3037. The ^system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3038. The systemypf claim 3024, further comprising an overburden casing coupled to 
the opening, whereiiMie overburden casing is disposed in an overburden of the 
formation, and whereiiMie overburden casing comprises steel. 

3039. The system of claimy3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3040. The system of claim 3024, farther comprising an overburden casing coupled to 
the opening, wherein a packin^matmal is oisposed at a junction of the overburden 
casing and the opening. ^\ 

3041 . The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing \s disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overbidden casing during use. 

3042. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material composes cement. 

3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3044. A system configurable to heat a hydrocarbon containing formation, comprising: 
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an insulated conductor configurable to be disposed in an opening in the formation, 
wherein me insulated conductor is further configurable to provide heat to at least a 
portion of tnfe formation during use; 

a condmt configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in tnk formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that hekt is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such tlj^therrxidizing fluid is transported through the reaction 
zone substantially by diffi^ion. \ \ 

3046. The system of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide th^oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3048. The system of claim 3044, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit Is not substantially heated by 
oxidation. \ 

3049. The system of claim 3044, wherein the conduit is Wther configurable to remove 
an oxidation product. \ 

3050. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers neat to the oxidizing fluid. 
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3051. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3052. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the^5rmation beybnd the reaction zone. 

3054. The system of claim 3044, wforein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formathstn beyond the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. \ 

3056. The system of claim 3044, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3057. The system of claim 3044, further comprisin&an overburden casing coupled to 
the opening, wherein the overburden casing is disposes in an overburden of the 
formation. ' \ 
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3058. 'Wie system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, abd wherein the overburden casing comprises steel. 

3059. The systtem of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3061 . The system of cl^rn 3044, further comprising an overburden casing coupled to 
the opening, wherein the overBuMeji^asing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the p^kin^material is configurable to substantially inhibit 
a flow of fluid between the opening arid the overburden casing during use. 

3062. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3063. The system of claim 3044, wherein the sWem is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3064. An in situ method for heating a hydrocarbon Containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 
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providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone\n the formation. 

3065. The method ofclaim 3064, further comprising transporting the oxidizing fluid 
through the reaction zonk by diffusion. 

3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3067. The method of cl*rfm 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow ortfieesuxflLepnduit disposed in the opening such that a rate of 
oxidation is controlled. ^ 

3068. The method of claim 3064, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an mcrease in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3069. The method of claim 3064, wherein a Vonduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. \ 

3070. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. \ 

3071 . The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation produdt from the formation through 
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the condWit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, whereiX a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate oMie oxidation product in the conduit. 

3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprisingWnoving an oxidation product from the formation through 
the conduit and controlling a Vressure between the oxidizing fluid and the oxidation 
product in the conduit to redup^crontmnk^tion of the oxidation product by the oxidizing 
fluid. [ \ \ 

3074. The method of claim 3064, vXherein a conduit is disposed within the opening, the 
method further comprising removing sulfoxidation product from the formation through 
the conduit and substantially inhibiting me^xidation product from flowing into portions 
of the formation beyond the reaction zone\ 

3075. The method of claim 3064, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3076. The method of claim 3064, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opehing through the center conduit and 
removing an oxidation product through the outer conduit. 

3077. The method of claim 3064, wherein the portion oVthe formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3078. The method of claim 3064, further comprising removing water from the formation 
prior to heatirm the portion. 

3079. The methoel of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3080. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

308 1 . The method of claim ^J&^fluthertomprising coupling an overburden casing to 
the opening, wherein the ovemtn^«^as , mg is disposed in an overburden of the 
formation, and wherein the overburdfer^casing comprises steel. 

3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3084. The method of claim 3064, wherein the pyroiysis zone is substantially adjacent to 
the reaction zone. \ 

3085. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with am oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in tha formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
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portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 

providing\he oxidizing fluid to a reaction zone in the formation; 

allowing thaoxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring theWnerated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the\formation. 

3086. The method of clain\3085, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3087. The method of claim 3085u furtherVcomprising controlling a flow of the oxidizing 
fluid with the critical flow oitflCe|^c|iJbat a rate of oxidation is controlled. 

3088. The method of claim 3085, furffisr comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3089. The method of claim 3085, further comprising cooling the conduit with the 
oxidizing fluid to reduce heating of the condui\ by oxidation. 

3090. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit. \ 

3091 . The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. \ 

3092. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit, wherein a flow rare of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 
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3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce contamination of the oxidation 
product by the oxidmng fluid. 

3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond the reaction zone. 

3095. The method of claim 30.85, further comprising substantially inhibiting the 
oxidizing fluid from flowing intopprtiogs of the formation beyond the reaction zone. 

3096. The method of claih^iJ85^feraiii-a center conduit is disposed within the 
conduit, the method further comprispg providing the oxidizing fluid into the opening 
through the center conduit and removhk> an oxidation product through the conduit. 

3097. The method of claim 3085, wherem the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim 3085, further comprising removing water from the formation 
prior to heating the portion. 

3099. The method of claim 3085, further composing controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3 100. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dispose^ in an overburden of the 
formation. 
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3 10l\ The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation^and wherein the overburden casing comprises steel. 

3 102. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 103. The method ok claim 3085, further comprising coupling an overburden casing to 
the opening, wherein a Racking material is disposed at a junction of the overburden 
casing and the opening. \ 

3 104. The method of claim ^8085, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. \ 



3 105. A system configured to heat a hydrocarbon containing formation, comprising: 

at least one elongated member disposed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; \ 

an oxidizing fluid source; \ . 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selecteM to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis z&ne of the formation during use. 

3 106. The system of claim 3 105, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid ik transported through the reaction 
zone substantially by diffusion. \ 
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3 1 07. TMe system of claim 3 1 05, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 1 08. The system of claim 3 1 05, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate\pf oxidation in the formation is controlled. 

3 1 09. The system of claim 3105, wherein the conduit is further configured to be cooled 
with the oxidizing fluid siich that the conduit is not substantially heated by oxidation. 

3110. The system of claim 3\105, wherein the conduit is further configured to remove an 
oxidation product. 

3111. The system of cl^im 3105, Vherein theVonduit is further configured to remove an 
oxidation product such thatthe oxidation product transfers heat to the oxidizing fluid. 

3112. The system of claim 3 1 05, wher^Ae conduit is further configured to remove an 
oxidation product, and wherein a flow rat&of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3113. The system of claim 3105, wherein the\conduit is further configured to remove an 
oxidation product, and wherein a pressure of thd oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit ap controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3114. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product Is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3115. The system of claim 3105, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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3116. The sysrem of claim 3 1 05, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product duiW use. 

3117. The system of claim 3 1 05, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3118. The system of claim 31 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3119. The systerff of claim 3 1 05, Wther comprising an overburden casing coupled to 
the opening, wherete-fe-oyerbu^ef^casin^ disposed in an overburden of the 
formation, and wherein the overtNjrde\i casing comprises steel. 

3 120. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casimg is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3122. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at V junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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3 123. TlA system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening\and wherein the packing material comprises cement. 

3 1 24. The system irf claim 3 1 05, wherein the system is further configured such that 
transferred heat can pVolyze at least some hydrocarbons in the pyrolysis zone. 

3125. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed in an opening in the 

formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of theVormation during use; 

a conduit configal^Sl^t^be^disp^ed in the opening, wherein the conduit is 
further configurable(to provide an\pxidizing maid from the oxidizing fluid source to a 
reaction zone in the formation dunWuse, and/wherein the system is configurable to 
allow the oxidizing fluid to oxidise a\ least gome hydrocarbons at the reaction zone 
during use such that heat is generateaatAe reaction zone; and 

wherein the system is further configi^able to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3126. The system of claim 3125, wherein me oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizipg fluid is transported through the reaction 
zone substantially by diffusion. 

3 127. The system of claim 3 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3 1 28. The system of claim 3125, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable \o control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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3 129. The system of claim 3 125, wherein the conduit is further configurable to be 
cooled witmthe oxidizing fluid such that the conduit is not substantially heated by 
oxidation. \ 
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3 1 30. The system of claim 3125, wherein the conduit is further configurable to remove 
an oxidation product. 

3131. The system of^laim 3125, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3132. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flowyr ate of the oxidation product in the conduit. 



15 3133. The system of c1aka3I25^herein Ihe conduit is further configurable to remove 
an oxidation product, and whereima pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product irMie conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

20 3 134. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the o^Aidation product is substantially inhibited from 
flowing into portions of the formation beAond the reaction zone. 
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3135. The system of claim 3125, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation Beyond the reaction zone. 
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3 136. The system of claim 3125, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configuraple to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is fu^her configurable to remove an 
oxidation product during use. 
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3 137. TWe system of claim 3 125, wherein the portion of the formation extends radially 
from the opWng a width of less than approximately 0.2 m. 

3138. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, whe\ein the overburden casing is disposed in an overburden of the 
formation. 

3 1 39. The system orclaim 3 1 25, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3 140. The system<5i :laim^8 125, further comprising an overburden casing coupled to 
the opening, wWerein the overWden casing, is disposed in an overburden of the 
formation, and whecein the oveffiirden casing is further disposed in cement. 

3141. The system of claim 3 125, &&ther comprising an overburden casing coupled to 
the opening, wherein a packing material indisposed at a junction of the overburden 
casing and the opening. 

3 142. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3143. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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3 144. The system of claim 3 125, wherein the system is further configurable such that 
transferred neat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3 145. An in siru method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; \ 

providing the oxiaizing fluid to a reaction zone in the formation; 

allowing the oxidizmgJl^id to react with at least a portion of the hydrocarbons at 
the reaction zone to fi£nerate\heat at tlWeaction zone; and 

transferring<thej generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formai^on. ^ 

3 146. The method of claim 3 145, mnher comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opening throughWifices of a conduit disposed in the opening. 

3 148. The method of claim 3 145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit nisposed in the opening such that a rate of 
oxidation is controlled. \ 

3 149. The method of claim 3 145, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increaseVn a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 
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3150. The method of claim 3145, wherein a conduit is disposed in the opening, the 
method furtheXcomprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit b\ oxidation. 

3151. The methodW claim 3 1 45, wherein a conduit is disposed within the opening, the 
method further composing removing an oxidation product from the formation through 
the conduit. 



3 1 52. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprisingVemoving an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3153. The method o^claim 3 145i 5 wherein d conduit is disposed within the opening, the 
method further comprisingTeino^^an oxidation product from the formation through 
the conduit, wherein a flow rate ooie oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation prbetact in the conduit. 

3 1 54. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

3155. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidktion product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3 1 56. The method of claim 3 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 
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3 157. The method of claim 3145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3158. The method of claim 3145, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 1 59. The method of claim 3 1 45, further comprising removing water from the formation 
prior to heating the porticm. 

3 1 60. The method of claim ^51 45, further comprising controlling the temperature of the 
formation to substanti^Uyinhi^ of oxides of nitrogen during oxidation. 

3161. The methodofclaim 3 1 45tfur^er comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3 1 62. The method of claim 3 145, furftier comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 1 63 . The method of claim 3145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casingVs further disposed in cement. 

3 1 64. The method of claim 3145, further composing coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 
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3165. Ttie method of claim 3145, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

3 1 66. A system configured to heat a hydrocarbon containing formation, comprising: 

a heat exchanger disposed external to the formation, wherein the heat exchanger 
is configured to hW an oxidizing fluid during use; 

a conduit disposed in the opening, wherein the conduit is configured to provide 
the heated oxidizingVluid from the heat exchanger to at least a portion of the formation 
during use, wherein the system is configured to allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation during us^such tEaHieat is generated at the reaction zone; and 

wherejn the system ik configured to allow heat to transfer substantially by 
conduction iWn the reaction zone to V pyrolysis zone of the formation during use. 

3 167. The system of claiirs^l66L wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such thar^e oxidizing fluid is transported through the reaction 
zone substantially by diffusion. \ 

3 1 68. The system of claim 3 1 66, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide ttxe oxidizing fluid into the opening. 

3 1 69. The system of claim 3 1 66, wherem the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 1 70. The system of claim 3 1 66, wherein the tonduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3171. The system of claim 3 1 66, wherein the conVuit is further configured to remove an 
oxidation product. \ 
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3 172. The\system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

3 1 73. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3 174. The system ortelaim 3 166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidatiomproduct in the conduit are controlled to reduce contamination of 
the oxidation pnxhtcrby the^xidizing fluid. 

3 175. The system of claim 3 166, wherem the conduit is further configured to remove an 
oxidation prodiicC^n^^wherem^ oxidation product is substantially inhibited from 
flowing into portions of ttte formation beyond the reaction zone. 

3 176. The system of claim 3 166^wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 77. The system of claim 3 1 66, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. \ 

portion of the formation extends radially 
Wely 0.2 m. 

3 1 79. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 




3178. The system of claim 3166, wherein 1 
from the opening a width of less than approxir 



730 



Conley, Rose & Tayon, P.C. 



3 1 80. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3181. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whereinme overburden casing is further disposed in cement. 

3 1 82. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3183. The system ofclaim 3 1 66Afurther comprising an overburden casing coupled to 
the opening, whereiirtia^o yerburd e^ casing is disposed in an overburden of the 
formation, wherein a packing matpial is disposed at a junction of the overburden casing 
and the opening, and wherein the pai^ng material is configured to substantially inhibit a 
flow of fluid between the opening and tnebverburden casing during use. 

3 1 84. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3185. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heat exchanger configurable to be disposed external to the formation, wherein 

the heat exchanger is further configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide the heated oxidizinjAfluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer from the heated oxidizing fluid to at least the portion of the formation 
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during use, and wherein the system is further configurable to allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3 1 86. The system of claim 3 1 85, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zona such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 1 87. The system of claim B 185, wherein the conduit comprises orifices, and wherein 
the orifices are configupdme to pro vide^the oxidizing fluid into the opening. 



3 1 88. The system of cimm 3 1 85v wherein the Conduit comprises critical flow orifices, 
and wherein the critical flowt*ifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation i^he formation is controlled. 

3 1 89. The system of claim 3185, wh^eih^the conduit is further configurable to be 
cooled with the oxidizing fluid such tha\the conduit is not substantially heated by 
oxidation. 



3 1 90. The system of claim 3185, wherein \he conduit is further configurable to remove 
an oxidation product. 

3191. The system of claim 3185, wherein theVconduit is further configurable to remove 
an oxidation product such that the oxidation prdduct transfers heat to the oxidizing fluid. 



3 1 92. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of theVoxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3 193. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3 1 94. The system ofclaim 3185, wherein the conduit is further configurable to remove 
an oxidation product, ahd wherein the oxidation product is substantially inhibited from 
flowing into portions of me formation beyond the reaction zone. 

3 1 95. The system of ddiA3185, wlferein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 96. The system declaim 3 1&5, furtheri comprising a center conduit disposed within 
the conduit, wherein centef^ondW is configurable to provide the oxidizing fluid into the 
opening during use, and whereintE©=3econti conduit is further configurable to remove an 
oxidation product during use. \\ \ 

3 1 97. The system of claim 3185, wWer^ki the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 1 98. The system of claim 3 1 85, furtheA comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3 1 99. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is nisposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

ing an overburden casing coupled to 
Tpsed in an overburden of the 
ukher disposed in cement. 



3200. The system of claim 3 1 85, further compri< 
the opening, wherein the overburden casing is disj 
formation, and wherein the overburden casing is f 
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3201. The system of claim 3 185, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3202. The system oAclaim 3 185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between thAopenmgand the overburden casing during use. 

3203. The system m claim M 85, further comprising an overburden casing coupled to 
the opening, whereiAsAe overburden casing Is disposed in an overburden of the 
formation, wherein a packingmaterial is disposed at a junction of the overburden casing 
and the opening, and wherein thdp^cking miterial comprises cement. 

3204. An in situ method for heatifesahyd/ocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: \ 

heating the oxidizing fluid with a heat exchanger, wherein the heat exchanger is 
disposed external to the formation; \ 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 
formation; and \ 

allowing heat to transfer from the keated oxidizing fluid to the portion of the 
formation; \ 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. \ 



734 



Conley, Rose & Tayon, P C. 



3205. The method of claim 3204, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3206. The method of claim 3204, further comprising directing at least a portion of the 
oxidizing fluid into tiie opening through orifices of a conduit disposed in the opening. 

3207. The method ofclaim 3204, further comprising controlling a flow of the oxidizing 
fluid with critical flow o\ifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



3208. The method pfclaim S204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 



that a rate of oxidations substantially cons 

3209. The method of claim 3204f£vherein 
method further comprising cooling fyie coni 
of the conduit by oxidation. 



ant over time within the reaction zone. 

a conduit is disposed in the opening, the 
uit with the oxidizing fluid to reduce heating 



3210. The method of claim 3204, whefein a conduit is disposed within the opening, the 
method further comprising removing an Jfxidation product from the formation through 
the conduit. 

321 1. The method of claim 3204, wherein k conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3212. The method of claim 3204, wherein a conkuit is disposed within the opening, the 
method further comprising removing an oxidationproduct from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3213. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit \o reduce contamination of the oxidation product by the oxidizing 
fluid. 

3214. The method of glaifin204>vtherein a conduit is disposed within the opening, the 
method further comprising Vemoving anNoxidation product from the formation through 
the conduit and spbstantialMinhibiting tnk oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3215. The method of clali 



oxidizing fluid from flowing inta ndrtions o 



4, further comprising substantially inhibiting the 



7 



the formation beyond the reaction zone. 



3216. The method of claim 3204,Wherein a center conduit is disposed within an outer 
conduit, and wherein the outer condiiit indisposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3217. The method of claim 3204, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3218. The method of claim 3204, further comprising removing water from the formation 
prior to heating the portion. 



3219. The method of claim 3204, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3220. Tlie method of claim 3204, further comprising coupling an overburden casing to 
the openings wherein the overburden casing is disposed in an overburden of the 
formation. \ 

322 1 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3222. The method oficlaim 3204, further comprising coupling an overburden casing to 
the opening, wherein tire overburden casing is disposed in an overburden of the 
formation, and wherein tlae overburden casing is further disposed in cement. 

3223. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening^^ \ \. 

3224. The method of claiax3204k wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. ( \ | 

3225 . An in situ method for heatihAa hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: \ 

oxidizing a fuel gas in a heater, wherein the heater is disposed external to the 
formation; \ 

providing the oxidized fuel gas fromVhe heater to the portion of the formation; 
and \ 

allowing heat to transfer from the oxidteed fuel gas to the portion of the 
formation; \ 

providing the oxidizing fluid to a reactiorazone in the formation; 



737 



Conley, Rose & Tayon, P.C. 



allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis Vone in the formation. 

3226. The method of claim 3225, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3227. The method oftclaim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the\opening through orifices of a conduit disposed in the opening. 

3228. The method of^laim 3^25, further comprising controlling a flow of the oxidizing 
fluid with criticalilow orifices ofV conduit disposed in the opening such that a rate of 
oxidation is controlled. \ \ 

3229. The method of claim 3G25, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate aif increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3230. The method of claim 3225Awherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. \ 

323 1 . The method of claim 3225, wheVein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. \ 

3232. The method of claim 3225, wherein k conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxicration product in the conduit to the 
oxidizing fluid in the conduit. \ 
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3233. T^e method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, Wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduifyto reduce contamination of the oxidation product by the oxidizing 
fluid. 

3235. The method of claim^ZST^erein a conduit is disposed within the opening, the 
method ftirther comnrfsing removing ah oxidation product from the formation through 



the conduit and substantially injiibiting ti 
of the formation beyond therpacpon zone 



oxidation product from flowing into portions 



3236. The method of claim 32^, further comprising substantially inhibiting the 
oxidizing fluid from flowing into pokkms of the formation beyond the reaction zone. 

3237. The method of claim 3225, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit ia disposed within the opening, the method further 
comprising providing the oxidizing fluid Wo the opening through the center conduit and 
removing an oxidation product through theWter conduit. 

3238. The method of claim 3225, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3239. The method of claim 3225, further comprising removing water from the formation 
prior to heating the portion. 
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3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3241 . TheVnethod of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3242. The metHbd of claim 3225, further comprising coupling an overburden casing to 
the opening, whersin the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3243. The method ofWaim 3225, further comprising coupling an overburden casing to 
the opening, whefe<^h^verbuKlen casing is disposed in an overburden of the 
formation, and wherein th^ overburden casing is further disposed in cement. 

3244. The method of chmn S225, further comprising coupling an overburden casing to 
the opening, wherein a paclohkmaterial is disposed at a junction of the overburden 
casing and the opening. \ 

3245. The method of claim 3225\wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. \ 

3246. A system configured to heat a Hydrocarbon containing formation, comprising: 
an insulated conductor disposed within an open wellbore in the formation, 

wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during use; and \ 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 
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3247. The system of claim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3248. The sykem of claim 3246, further comprising a support member, wherein the 
support membenis configured to support the insulated conductor. 

3249. The system of claim 3246, further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralize^ configured to maintain a location of the insulated conductor on 
the support member. 

3250. The system/6f claim\?246, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 

325 1 . The system of clamT^w, further comprising a lead-in conductor coupled to the 
insulated conductor, whereir^the lead-in conductor comprises a low resistance conductor 
configured to generate substanth^lV no heat. 

3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-i^i conductor comprises a rubber insulated 
conductor. 

3253. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3254. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 
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3255. Theysystem of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3256. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposedun a sheath. 

3257. The system of alaim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 

3258. The systenyof claim ^246, wheftein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherfciutfie copper-nicKel alloy comprises approximately 7 % nickel by 



weight to approximately 12 9<> nickel by 



weight. 



3259. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulatingmaterial, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-mckel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3260. The system of claim 3246, whereimthe insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

3261 . The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, anc^wherein the electrically insulating 
material comprises magnesium oxide. 
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3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 



3265. The system of claim<fc^, wf 
disposed in an electrically insulat 



^rein the insulated conductor comprises a conductor 
laterial, and wherein the electrically insulating 
material is disposed in a she^tfi,\and wherein the sheath comprises a corrosion-resistant 
material. 



3266. The system of claim 3246, vMiSrein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3267. The system of claim 3246, further ^comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 



3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
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support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3269. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support membeAand wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

3270. The system oSclaim 3246, wherein the insulated conductor is configured to 
generate radiant heat oY approximately 500 W/m to approximately 1 150 W/m during use. 

3271 . The system of clarrn 3246. further comprising a support member configured to 
supportvthe insulated conductor, wnerein the support member comprises orifices 
configurecNom-ovide fluid now through the support member into the open wellbore 
during use. - s^T 

3272. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor/wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open wellBore during use. 

3273. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the open 
wellbore during use. \ 

3274. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow tntough the support member into the open 
wellbore during use. \ 
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3275. The system of claim 3246, further comprising an overburden casing coupled to 
the open wedlbore, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore\ wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3277. The system ofUaim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherem^ng'ovefbm^en casing is further disposed in cement. 

3278. The systetn of claim 3246, further comprising an overburden casing coupled to 
the open wellbore,Vtierein th& overburden casing is disposed in an overburden of the 
formation, and wherein apacki^gjn^grial is disposed at a junction of the overburden 
casing and the open wellbore. Y 

3279. The system of claim 3246, tWier comprising an overburden casing coupled to 
the open wellbore, wherein the overMrden casing is disposed in an overburden of the 
formation, wherein a packing material is^lisposed at a junction of the overburden casing 
and the open wellbore, and wherein thd packing material is configured to substantially 
inhibit a flow of fluid between the open Wellbore and the overburden casing during use. 

3280. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 



3281. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing Vs disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and whereto at least the one sealing flange is configured to couple to the lead-in 
conductor. \ 

3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transrerred heat can pyrolyze at least some of the hydrocarbons in the 
selected section. \ 

3283. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conducted configurable to be disposed within an open wellbore in the 

formation, wherein the ins ulate^ c onductor is further configurable to provide radiant heat 
to at least a portion offhe formation LatHMg use; and 

wherein the(system is configurable^ allow heat to transfer from the insulated 
conductor to a selected section of tke formation during use. 

3284. The system of claim 3283,/wlierein ftie insulated conductor is further configurable 
to generate heat during application^ kn electrical current to the insulated conductor 
during use. \\ 

3285. The system of claim 3283, furtheAcomprising a support member, wherein the 
support member is configurable to suppomthe insulated conductor. 

Lprising a support member and a centralizer, 
) support the insulated conductor, and 
ttain a location of the insulated conductor 

3287. The system of claim 3283, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. \ 



3286. The system of claim 3283, further « 
wherein the support member is configurable 1 
wherein the centralizer is configurable to mair 
on the support member. 
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3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to Venerate substantially no heat. 

3289. The system W claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, ^herein the lead-in conductor comprises a rubber insulated 
conductor. 

3290. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3291 . The system of claim 32§3, f urther comprising a lead-in conductor coupled to the 
insulated conductor wkbra cold oin transition conductor. 

3292. The system bf claim 3283, farther comprising a lead-in conductor coupled to the 
insulated conductor whi^a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantfettyJus^ insulated conductor. 

3293. The system of claim 3283, wheMin the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 

3294. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material\and wherein the conductor comprises a 
copper-nickel alloy. 

3295. The system of claim 3283, wherein the irkulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 
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3296. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3297. The systerAof claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a mermally conductive material. 

3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electricallyVnsulating material, and wherein the electrically insulating 
material comprises magnes ram o xide. 

3299. The system pf claim 3283, wherein the insulated conductor comprises a conductor 



disposed in an electrically insulating matei 



al, wherein the electrically insulating material 



comprises magnesiurthQxide, anc^ wherein tpe magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3300. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3301 . The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 



3302. The system of claim 3283, wherein thfe insulated conductor comprises a conductor 
disposed in an electrically insulating materialAand wherein the electrically insulating 
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material is deposed in a sheath, and wherein the sheath comprises a corrosion-resistant 
material. 

3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposeckin a sheath, and wherein the sheath comprises stainless steel. 

3304. The system of claim 3283, further comprising two additional insulated 
conductors, wherein thAinsulated conductor and the two additional insulated conductors 
are configurable in a 3-pnase Y configuration. 



3305. The system of claim o283, further comprising an additional insulated conductor, 
wherein the insulated condu^prltfTd^e^additional insulated conductor are coupled to a 
support member, and wtferein ftie insulatecrconductor and the additional insulated 
conductor are configurable in a ^eries electrical configuration. 

, , / 

3306. The system of claim 3283, rarther comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel\lectrical configuration. 



3307. The system of claim 3283, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3308. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein thasupport member comprises orifices 
configurable to provide fluid flow through thlf support member into the open wellbore 
during use. 



3309. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
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orifices configurable to provide a substantially constant amount of fluid flow through the 
support mernber into the open wellbore during use. 

3310. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the open 
wellbore during usa. 

3311. The system o^claim 3283, further comprising a tube coupled to the first insulated 
conductor, wherein thenibe comprises critical flow orifices configurable to provide a 
substantially constant airi^unt of fluid flow through the support member into the open 
wellbore during use. 

3312. The system of claim 3^83, further comprising an overburden casing coupled to 
the open wellbore, wherein the^verburden casing is disposed in an overburden of the 
formation. 



3313. The system ofelaim 3283, tahePbcmiprising an overburden casing coupled to 
the open wellbore, Mierein the overburden cashig is disposed in an overburden of the 
formation, and whereiirtlfe-eygrb^deui casing comprises steel. 

3314. The system of claim 3283, further comprisi rig an overburden casing coupled to 



the open wellbore, wherein the overburdervcasing 



s disposed in an overburden of the 



formation, and wherein the overburden cafein^is further disposed in cement. 

3315. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is qsposed at a junction of the overburden 
casing and the open wellbore. 



3316. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

33 1 7. The system orclaim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, ana\wherein the packing material comprises cement. 

3318. The system of claim 3^83, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled tojJiejnsulated conductor, wherein the wellhead is 
disposed external to the overbdrden, Wherein mis wellhead comprises at least one sealing 
flange, and wherein at leastrthe one sealing flangjb is configurable to couple to the lead-in 
conductor. \ / 

3319. The system of claim 3283, whereiiMie system is further configured to transfer 
heat such that the transferred heat can pyro\y^P at least some hydrocarbons in the selected 
section. \ \ 

3320. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide radiant heat to 

at least a portion of the formation, wherein the insulated conductor is disposed within an 
open wellbore in the formation; and \ 

allowing the radiant heat to transfer from tlae insulated conductor to a selected 
section of the formation. \ 

3321 . The method of claim 3320, further comprising supporting the insulated conductor 
on a support member. \ 
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3322. Th\ method of claim 3320, further comprising supporting the insulated conductor 
on a suppommember and maintaining a location of the insulated conductor on the support 
member with a centralizer. 



3323. The methdd of claim 3320, wherein the insulated conductor is coupled to two 
additional insulatedVonductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
conductors are electrically coupled in a 3 -phase Y configuration. 
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3324. The method of clafyi 3320, wherein an additional insulated conductor is disposed 
within the open wellbore. 

3325. The method of ckffn 3^20, wherein an additional insulated conductor is disposed 
within the open wellbo(re, and wherein the insulated conductor and the additional 
insulated conductor are efec^dcaU^coupled in a series configuration. 

3326. The method of claim 3320,Wherein an additional insulated conductor is disposed 
within the open wellbore, and wherenAthe insulated conductor and the additional 
insulated conductor are electrically coumed in a parallel configuration. 

3327. The method of claim 3320, wherei\i the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



3328. The method of claim 3320, wherein tlte insulated conductor comprises a 
25 conductor disposed in an electrically insulating^material, and wherein the conductor 
comprises a copper-nickel alloy. 



30 



3329. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3331. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed inW electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 

3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprisesW^^ and wherein the magnesium oxide 
comprises a thickness ofM least approximately 1 mm. 

3333. The method of claim 332(Kwherein the insulated conductor comprises a 
conductor disposed in an electricallWinsulating material, and wherein the electrically 
insulating material comprises alumiiiumsoxide and magnesium oxide. 

3334. The method of claim 3320, wheYein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium Wide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. \ 

3335. The method of claim 3320, wherein the\insulated conductor comprises a 
conductor disposed in an electrically insulating Wterial, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 
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3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a\heath, and wherein the sheath comprises stainless steel. 

3337. The method\pf claim 3320, further comprising supporting the insulated conductor 
on a support membenand flowing a fluid into the open wellbore through an orifice in the 
support member. \ 

3338. The method of claitoi 3320, further comprising supporting the insulated conductor 
on a support member and flawing a substantially constant amount of fluid into the open 
wellbore through critical flpwPorifk^s in the support member. 

3339. The method m claim 332v), wherein a perforated tube is disposed in the open 
wellbore proximate to fhs^nsulateu conductor, the method further comprising flowing a 
fluid into the open wellbore througftthe perforated tube. 

3340. The method of claim 3320, wherein a tube is disposed in the open wellbore 
proximate to the insulated conductor, tHfe method further comprising flowing a 
substantially constant amount a fluid intathe open wellbore through critical flow orifices 
in the tube. \ 

3341 . The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion Vhibiting fluid into the open wellbore 
through an orifice in the support member. \ 

3342. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 
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3343. The method of claim 3320, further comprising determining a temperature 
distribution i\ the in 
insulated conductor. 



distribution i\the insulated conductor using an electromagnetic signal provided to the 



3344. The methou of claim 3320, further comprising monitoring a leakage current of the 
insulated conductor^ 

3345. The method of\jlaim 3320, further comprising monitoring the applied electrical 
current. 

3346. The method of clairij 3320, further comprising monitoring a voltage applied to the 
insulated conductor. 

3347. The methofl of claim 3^20, flxrtheV comprising monitoring a temperature in the 
insulated conductor with at leasuone thermocouple. 



3348. The method of claim 3S20,\fiirther comprising electrically coupling a lead-in 
conductor to the insulated conductcm wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3350. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a sold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 

3351. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing ^s disposed in an overburden of the 
formation. 
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3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellrore, wherein the overburden casing is disposed in an overburden of the 



formation, and 



'herein the overburden casing comprises steel. 



3353. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wjaefem the overburden casing is disposed in an overburden of the 
formation, and wtferein a packing n^aterial is disposed at a junction of the overburden 
casing and the opbn wellbore 

3355. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, whereinsthe overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the open wellbore and the overburaen casing with a packing material. 

3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

3357. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to anynsulated conductor to provide heat to at least 

a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation; and 

allowing the heat to transfer from the ipsulated conductor to a section of the 
formation. 



3358. The method of claim 1, further comprising supporting the insulated conductor on 
a support member. 
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3359. The rtjethod of claim 1 , further comprising supporting the insulated conductor on 
a support mWber and maintaining a location of the first insulated conductor on the 
support memher with a centralizer. 

3360. The methbd of claim 1 , wherein the insulated conductor is coupled to two 
additional insulateM conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3 -phase Y configuration. 

3361 . The methocLdi cl^im 1 , wherein an additional insulated conductor is disposed 
within the openirfg. 

3362. The method of claim 1 , whereinW additional insulated conductor is disposed 
within the opening, afrd^hefein the insulated conductor and the additional insulated 
conductor are electrically coupted-in a series configuration. 

3363 . The method of claim l)swdierein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled m\parallel configuration. 

3364. The method of claim 1 , wherei\i the provided heat comprises approximately 500 
W/m to approximately 1 150 W/m. 

3365. The method of claim 1 , wherein ttte insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 

3366. The method of claim 1 , wherein the inflated conductor comprises a conductor 
disposed in an electrically insulating material, \4herein the conductor comprises a copper- 
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nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to aWoximately 12 % nickel by weight. 

3367. The mWod of claim 1 , wherein the insulated conductor comprises a conductor 

5 disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3368. The method of claim 1, wherein the insulated conductor comprises a conductor 
10 disposed in an electricallyjnsulating material, and wherein the electrically insulating 

material comprisesinagnesiumtoide. 



ass\s 



M 



3369. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in ah^electrically insulating material, wherein the electrically insulating material 

15 comprises magne§h*moxide\and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 

3370. The method of clainM, Wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 

20 material comprises aluminum oxiffie and magnesium oxide. 

3371. The method of claim 1 , wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 

25 and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 
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3372. The method of claim 1 , wherein the Insulated conductor comprises a conductor 
disposed in an electrically insulating material wherein the insulating material is disposed 
in a sheath, and wherein the sheath comprises\a corrosion-resistant material. 



Conley, Rose & Tayon, P C. 



3373. Th&method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the insulating material is disposed 
in a sheath, aWi wherein the sheath comprises stainless steel. 

3374. The method of claim 1 , further comprising supporting the insulated conductor on 
a support memben and flowing a fluid into the opening through an orifice in the support 
member. ■ \ 

3375. The method^claim 1, further comprising supporting the insulated conductor on 
a support member and flowing a substantially constant amount of fluid into the opening 
through crincal flow orifices insthe support member. 

3376. TheNnethod of claim 1, wherein a perforated tube is disposed in the opening 
proximate to tn^Qsulated conductorVthe method further comprising flowing a fluid into 
the opening through theB^rfoj ^d_t ube . 

3377. The method of claim V wherein Atube is disposed in the opening proximate to the 
insulated conductor, the methockArther comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3378. The method of claim 1, furtheAcomArising supporting the insulated conductor on 
a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. \ 

3379. The method of claim 1, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

3380. The method of claim 1, further comprising determining a temperature distribution 
in the insulated conductor using an electromagnetic signal provided to the insulated 
conductor. \ 
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3381 . The method of claim 1, further comprising monitoring a leakage current of the 
insulated conductor. 

3382. The method\)f claim 1, further comprising monitoring the applied electrical 
current. 

3383. The method of qaim 1 , further comprising monitoring a voltage applied to the 
insulated conductor. 

3384. The method of claini J^Qirthgr comprising monitoring a temperature in the 
insulated conductor v$(h at lkast one themiocouple. 

3385. The method of claim 1 Afurther comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configuredicrgeiTerate substantially no heat. 

3386. The method of claim 1, flmher comprising electrically coupling a lead-in 
conductor to the insulated conductokusing a cold pin transition conductor. 

3387. The method of claim 1 , furthdr comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprise^ a substantially low resistance insulated 
conductor. 

3388. The method of claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing isldisposed in an overburden of the formation. 



3389. The method of claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein the overburden casing comprises steel. 
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3390. The method of claim 1, further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein the overburden casing is further disposed in cement. 

3391 . The method \f claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein a packing \jiaterial is disposed at a junction of the overburden casing and the 
opening. 

3392. The method of clahA 1, further comprising coupling an overburden casing to the 
opening, wherein the ovepbtrraen casing is disposed in an overburden of the formation, 
and wherein the methjefa furtheXcomprisessmhibiting a flow of fluid between the opening 
and the overburden qasing with a packing material. 



3393. The method of claftn^ further comprising heating at least the portion of the 
formation to substantially pyrolyzegfc4east some hydrocarbons within the formation. 

3394. A system configured to heatsa Hydrocarbon containing formation, comprising: 
an insulated conductor dispos^Within an ypening in the formation, wherein the 

insulated conductor is configured to provrae heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 
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3396. The System of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 

3397. The system of claim 3394, further comprising a support member and a centralizes 
wherein the suppoA member is configured to support the insulated conductor, and 
wherein the centraliz^r is configured to maintain a location of the insulated conductor on 
the support member. 

3398. The system of claipi 3394, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3399. The system erfclaim 3394, fuhher comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in\onductor comprises a low resistance conductor 
configured to gene^te substantially no heat. 



3400. The system of claim 3394; further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the\ea\l-in conductor comprises a rubber insulated 
conductor. 



340 1 . The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in\conductor comprises a copper wire. 

3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3403. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 
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3404. The systfem of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 

3405. The system oficlaim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. \ 

3406. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mra.^- 

3407. The system of claim 3394 whereik the copper-nickel alloy is disposed in an 
electrically insulating^naterial, arm whereintiie electrically insulating material comprises 
aluminum oxide and magneSram-^Aide. \ 

3408. The system of claim 339^, wherein the cbpper-nickel alloy is disposed in an 
electrically insulating material, wh^ein the elecrtrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3409. The system of claim 3394, whereift the copper-nickel alloy is disposed in an 
electrically insulating material, wherein thd electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3410. The system of claim 3394, wherein tire copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 
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341 1 . The system of claim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 

3412. The system oY claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurer in a series electrical configuration. 

3413. The system of claimG394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 



3414. The system of claim 3394,\wherein the insulated conductor is configured to 
generate radiant heat of ap^xima\ely 500 W/m to approximately 1 150 W/m during use. 

341 5. The system of claim 3394, farther comprising a support member configured to 
support the insulated conductor, whemn the support member comprises orifices 
configured to provide fluid flow through the support member into the opening during use. 



3416. The system of claim 3394, furtheA comprising a support member configured to 
support the insulated conductor, wherein tne support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening during use 



3417. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the opening 
during use. 
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3418. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially con^tW amount of fluid flow through the support member into the opening 
during use. \ 

3419. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3420. The system of claimy 394, further comprising an overburden casing coupled to 
the opening, wherein the oveVburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3421 . The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overbumsa-Gasing is disposed in an overburden of the 
formation, and wherein thp^erbuirden casings further disposed in cement. 

3422. The system of claim 3^94?^fiirthe^comprjsing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ \ 

3423. The system of claim 3394, furtheA comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is deposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the OA^rburden casing during use. 

(rising an overburden casing coupled to 
lisposed in an overburden of the 



3424. The system of claim 3394, further cor 
the opening, wherein the overburden casing is 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening,Wd wherein the packing material comprises cement. 

3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, whereinuhe overburden casing is disposed in an overburden of the 
formation, the system Vurther comprising a wellhead coupled to the overburden casing 
and a lead-in conductoncoupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. \ 

3426. The system of cldjaer^9?^herein the system is further configured to transfer 
heat such that the transferred heat canWrolyze at least some hydrocarbons in the selected 
section. V \ \ 

3427. A system configurable to neat a jiydrocarbon containing formation, comprising: 
an insulated conductor conngurable to be disposed within an opening in the 

formation, wherein the insulated conductor is further configurable to provide heat to at 
least a portion of the formation during u§e, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the dppper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 

3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. \ 

3429. The system of claim 3427, further comprising a support member, wherein the 
support member is configurable to support the ipsulated conductor. 
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3430. The system of claim 3427, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

3431. The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. \ 

3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3433. The system of claim 3jJ>prft«^er comprising a lead-in conductor coupled to the 
insulated conductor, whemn thA lead-iirtonductor comprises a rubber insulated 
conductor. \ \ 

3434. The system of claim 3427, Luther comprising a lead-in conductor coupled to the 
insulated conductor, wherein the leafl-in conductor comprises a copper wire. 

3435. The system of claim 3427, furthef^comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3437. The system of claim 3427, wherein thd copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. \ 
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3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically Vnsulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm\ 

3440. The system of clSaim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3441 . The system of claffTi3^7>s(herein the copper-nickel alloy is disposed in an 
electrically insulating iftaterial, Wherei\the electrically insulating material comprises 
magnesium oxide, whereinlhe-iWnesiufti oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

3442. The system of claim 3427, v&erein thfe copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath compirises a corrosion-resistant material. 

3443. The system of claim 3427, wherefin the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

3444. The system of claim 3427, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. \ 
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3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor areVonfigurable in a series electrical configuration. 

3446. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulared conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

3447. The system of claim 3427, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3448. The system of oimm 34277^Kriier comprising a support member configurable to 
support the insulatea conductor! wherein^he support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. \^ \ \ . ■ 

3449. The system of claim 3427l fukher comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a sul^tantially constant amount of fluid flow through the 
support member into the opening during%se. 

Lprising a tube coupled to the insulated 
provide a flow of fluid into the opening 

345 1 . The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. \ 




3450. The system of claim 3427, further cC 
conductor, wherein the tube is configurable 
during use. 
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3452. The Wstem of claim 3427, further comprising an overburden casing coupled to 
the opening, v^herein the overburden casing is disposed in an overburden of the 
formation. 

3453. The systermof claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherem the overburden casing comprises steel. 

3454. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the \verburden casing is further disposed in cement. 



3455. The system of claim S^T^further comprising an overburden casing coupled to 
the opening, wherein theToverbuxden cztsmg is disposed in an overburden of the 
formation, and wherdin a packin^material indisposed at a junction of the overburden 
casing and the opening 



ther comprising an overburden casing coupled to 
sing is (disposed in an overburden of the 



3456. The system of claim 3427, , 
the opening, wherein the overburde 
formation, wherein a packing material fte disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3457. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3458. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formations the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. \ 

3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. \ 

3460. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying^^elecmc5^urrent to an insulated conductor to provide heat to at least 

a portion ophe formation^ wherein the insulated conductor is disposed within an opening 
in the forniation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel bA weight ta approximately 12 % nickel by weight; and 

allowing^hsjieat to transfer from the insulated conductor to a selected section of 
the formation. / \ \ 

3461. The method of claim 3460\ further comprising supporting the insulated conductor 
on a support member. \\ \ 

3462. The method of claim 3460, furaier comprising supporting the insulated conductor 
on a support member and maintaining allocation of the first insulated conductor on the 
support member with a centralizer. \ 

3463. The method of claim 3460, whereimthe insulated conductor is coupled to two 
additional insulated conductors, wherein theynsulated conductor and the two insulated 
conductors are disposed within the opening, ajnd wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 
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3464. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening. 

3465. The metfiod of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

3466. The method ofclaim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically (coupled in a parallel configuration. 

3467. The method of claim Jy460, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

3468. The method of^rfaim 346(\ whereii\the copper-nickel alloy is disposed in an 
electrically insulatingvmaterial. 



3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and ^i^rein the electrically insulating material comprises 
magnesium oxide. 

3470. The method of claim 3460, whereiA the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesiufri oxide comprises a thickness of at least 
approximately 1 mm. 

3471 . The method of claim 3460, wherein the fcopper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 
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3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3473. The method of diaim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 

3474. The method of claim A460, wherein the copper-nickel alloy is disposed in an 
electrically insulating materialAwherein the insulating material is disposed in a sheath, 
and wherein the sheath comprisee-staioless steel. 



3475. The method bf claim 3460, Wther comprising supporting the insulated conductor 
on a support member and flowing a^luid into tP^e opening through an orifice in the 
support member. 

3476. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in tire support member. 



3477. The method of claim 3460, wherein \ perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 



3478. The method of claim 3460, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 
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3479. The method of claim 3460, further comprising supporting the insulated conductor 
on a support inember and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 

3480. The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the irWated conductor, the method further comprising flowing a corrosion 
inhibiting fluid intome opening through the perforated tube. 

3481 . The method of Haim 3460, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conducted 

3482. The method of claim 34o& further comprising monitoring a leakage current of the 
insulated conductor. \ \ 

3483. The method of claim 3^^ further comprising monitoring the applied electrical 
current. \ \ * 

3484. The method of claim 3460,imrther comprising monitoring a voltage applied to the 
insulated conductor. \ 

3485. The method of claim 3460, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3486. The method of claim 3460, further Comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

ising electrically coupling a lead-in 
\pin transition conductor. 



3487. The method of claim 3460, further comf 
conductor to the insulated conductor using a cok 
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3488. TheVnethod of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 

3489. The methodW claim 3460, further comprising coupling an overburden casing to 
the opening, wherein\he overburden casing is disposed in an overburden of the 
formation. 

3490. The method of claiVi 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the ovei&urabn casmg is disposed in an overburden of the 
formation, and wherein the ^verburaen ca^ingis further disposed in cement. 

3492. The method of claim 3460, flifther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is di sposed in an overburden of the 
formation, and wherein a packing materi^s disposed at a junction of the overburden 
casing and the opening. 



3493. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is ^disposed in an overburden of the 
formation, and wherein the method further combrises inhibiting a flow of fluid between 
the opening and the overburden casing with a padking material. 

3494. The method of claim 3460, further compris&ig heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 

3495. A system configured to heat a hydrocarbon containing formation, comprising: 



775 



Conley, Rose & Tayon, P C. 



at least thitee insulated conductors disposed within an opening in the formation, 
wherein at least the three insulated conductors are electrically coupled in a 3-phase Y 
configuration, and wherein at least the three insulated conductors are configured to 
provide heat to at leatet a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to\a selected section of the formation during use. 

3496. The system of claim 3495, wherein at least the three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 

3497. The system of claim 3495, further comprising a support member, wherein the 
support member is configured Msupport at least the three insulated conductors. 

3498. The system of claim 2495, further composing a support member and a centralizer, 
wherein the support member^ configured to suppbrt at least the three insulated 
conductors, and wherein the centrilH*eiLi^onfigur&d to maintain a location of at least the 
three insulated conductors on the supAoijx member. / 

3499. The system of claim 3495, wherein the opening comprises a diameter of at least 
approximately 5 cm. \ 

3500. The system of claim 3495, further aomprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. \ 

3501. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductor, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 
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3502. The system\of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises^ copper wire. 

3503. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the thftee insulated conductors with a cold pin transition conductor. 

3504. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. \ 

3505. The system of clairrfj495, wherein at least the three insulated conductors 
comprise a conductor dispos^dinW electrically insulating material, and wherein the 
electrically insulating material is dtepdsed in a sheath. 

3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an Electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3507. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloY, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3508. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weigHt to approximately 6 % nickel by weight. 
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3509. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 

3510. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 

3511. The system of claim y495. wherein at least the three insulated conductors 
comprise a conductor djsfJosed in airelectrically insulating material, wherein the 
electrically insulating materiaAcomprisets magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of ^t least approximately 1 mm. 

3512. The system of claim Pl95HHlireinlat least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3513. The system of claim 3495, Merein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 

3514. The system of claim 3495, whereiii at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed it\ a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 



3515. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insukting material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. \ 

3516. The system of claim 3495, wherein at least the three insulated conductors are 
configured to generates radiant heat of approximately 500 W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 

3517. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support member into the opening 
during use. — 

3518. The system 6f claim 3495, furtheAcomprising a support member configured to 
support at least the trnfee^^latedcopduciors, wherein the support member comprises 
critical flow orifices configured toVprovide a substantially constant amount of fluid flow 
through the support member into tWe opening during use. 

3519. The system of claim 3495, fuj 
insulated conductors, wherein the tubi 
opening during use. 

3520. The system of claim 3495, furtheAcomprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configured to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. \ 

3521. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is\disposed in an overburden of the 
formation. \ 



ler comprising a tube coupled to at least the three 
i is configured to provide a flow of fluid into the 
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3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3523. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3524. The system of claiim3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3525. The system of claim 3495, Vurther comprising an overburden casing coupled to 
the opening, wherein thi overburden casing is disposed in an overburden of the 
formation, wherein a packihgonaterial is deposed at a junction of the overburden casing 
and the opening, and wherein the paclapg mate *ial is configured to substantially inhibit a 
flow of fluid between the opening andme overburden casing during use. 

3526. The system of claim 3495, furthemomprising an overburden casing coupled to 
the opening, wherein the overburden casink is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3527. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange Is configured to couple to the lead-in 
conductor. \ 
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3528. The system of claim 3495, wherein the system is further configured to transfer 
heat such that tF^e transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 

3529. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least three insulated conductors configurable to be disposed within an opening 

in the formation, wherein at least the three insulated conductors are electrically coupled 
in a 3 -phase Y configuration, and wherein at least the three insulated conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 
wherein the system fis configurable to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 

3530. The system of clmm 3529, wherfein at least the three insulated conductors are 
further configurable to^generate heat durings^pplication of an electrical current to at least 
the three insulated conductl>F&4!22*\g use * 

353 1 . The system of claim 3529L further comprising a support member, wherein the 
support member is configurable toVuppjort at least the three insulated conductors. 

3532. The system of claim 3529, furthencomprising a support member and a centralizes 
wherein the support member is configurable to support at least the three insulated 
conductors, and wherein the centralizer is configurable to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of claim 3529, wherein the Opening comprises a diameter of at least 
approximately 5 cm. 

3534. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
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conductor comprises a low resistance conductor configurable to generate substantially no 
heat. \ 

3535. The system ©f claim 3529, further comprising at least one lead-in conductor 
coupled to at least thk three insulated conductors, wherein at least the one lead-in 
conductor comprises aVubber insulated conductor. 

3536. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three yisulated conductors, wherein at least the one lead-in 
conductor comprises a copped wire. 

3537. The system of claini>5^9^Mtiier comprising at least one lead-in conductor 
coupled to at least the thr^e insulated conductors with a cold pin transition conductor. 

3538. The system of claim 3529r^lher comprising at least one lead-in conductor 
coupled to at least the three insupted conductors with a cold pin transition conductor, 
wherein the cold pin transition ccmducror comprises a substantially low resistance 
insulated conductor. \ \ 

3539. The system of claim 3529, whereimat least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed inV sheath. 

3540. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electricallyunsulating material, and wherein the 
conductor comprises a copper-nickel alloy. \ 

3541 . The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3542. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductondisposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximated 2 % nickel by weight to approximately 6 % nickel by weight. 

3543. The system of clairn 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



3544. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed inW electrically insulating material, and wherein the 
.7? electrically insulating material comprises magnesium oxide. 

m 

|*& 15 3 545 . The system of /laim 3 529, wfterein^al least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating marerialcomprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at leasT^^toximatQly 1 mm. 



20 3546. The system of claim 3529, wherein at least the three insulated conductors 

comprise a conductor disposed in an elecuwcally insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3547. The system of claim 3529, wherein thdinsulated conductor comprises a conductor 
25 disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable t\> occupy porous spaces within the 
magnesium oxide. 

30 3548. The system of claim 3529, wherein at least the three insulated conductors 

comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3549. The system otxlaim 3529, wherein at least the three insulated conductors 
comprise a conductor' disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3550. The system of claim 3629, wherein at least the three insulated conductors are 
configurable to generate radiari^heat of approximately 500 W/m to approximately 1 150 
W/m during use. 

3551. The system of claim 3 529, Vurther comprising a support member configurable to 
support at least the three ins^datedsaonductors, wherein the support member comprises 
orifices configurable to provide flui(\flb^v through the support member into the opening 
during use. 

3552. The system of claim 3529, firmer comprising a support member configurable to 
support at least the three insulated Conductors, wherein the support member comprises 
critical flow orifices configurable to ptovide a substantially constant amount of fluid flow 
through the support member into the opem^g during use. 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configurable to provide a flow of fluid into the 
opening during use. 



3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configurable to 
provide a substantially constant amount of fluid t\pw through the support member into 
the opening during use. 
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3555. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, where\n the overburden casing is disposed in an overburden of the 
formation. 

3556. The system of olaim 3529, further comprising an overburden casing coupled to 
the opening, wherein they overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3557. The system of claimy529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3558. The'system of claim 3529>£urther comprising an overburden casing coupled to 
the opening wherein the overburden casing is disposed in an overburden of the 
formation, an^ttierein a packing i^ateriaijs disposed at a junction of the overburden 
casing and the opening. 



3559. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden oreing is disposed in an overburden of the 
formation, wherein a packing material i& disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3560. The system of claim 3529, further ccftnprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3561 . The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed externalUothe overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein ajfc least the one sealing flange is configurable to couple to the lead-in 
conductor. \ 1 

3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



3563. An in situ method for heating a hydrocarbon containing formation, comprising: 

applvi*i|fan electrical Yufr^nt to at least three insulated conductors to provide heat 
to at least'a portion of the formation, /Wherein at least the three insulated conductors are 
dispose^ within an opening in tne formation; and 

zing the heat to transfer from a^least the three insulated conductors to a 
selected sectiondf4he formation. 



3564. The method of claim 3563, Wther comprising supporting at least the three 
insulated conductors on a supportNnimber. 

3565. The method of claim 3563, furtner comprising supporting at least the three 

\\ ' 

insulated conductors on a support memnerVid maintaining a location of at least the three 
insulated conductors on the support member with a central izer. 

3566. The method of claim 3563, whereii\the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



3567. The method of claim 3563, wherein attleast the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 
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3568. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises^* copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3569. The method of cl^im 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3570. The method^of claim 3963, whebdn at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 



3571 . The method of claim"SS63, ^herein at least the three insulated conductors 
comprise a conductor disposed in in felectrically ihsulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at leasusroproximatsly 1 mm. 

3572. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



3573. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electricallyt insulating material, wherein the 
electrically insulating material comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and wherein the ^rain particles are configured to occupy 
porous spaces within the magnesium oxide. 



3574. The method of claim 3563, wherein at least ihe three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
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insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material\ 

3575. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stainless 
steel. 



3576. The method of claim 3(563, further comprising supporting at least the three 
insulated conductors on^nppWtr^e^ and flowing a fluid into the opening through 
an orifice in the su{5port member 



3577. The methofcU)f claim 3563, further compiling supporting at least the three 
insulated conductors onXsupport member and flowing a substantially constant amount of 
fluid into the opening throughcritioal^low orifices in\the support member. 

3578. The method of claim 3563, ^her&in a perforated tube is disposed in the opening 
proximate to at least the three insulateaSAiductors, the method further comprising 
flowing a fluid into the opening through tnaperforated tube. 



3579. The method of claim 3563, wherein a tube is disposed in the opening proximate to 
at least the three insulated conductors, the method further comprising flowing a 
substantially constant amount a fluid into the opening through critical flow orifices in the 
tube. 



3580. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a corrosion inhibiting fluid into 
the opening through an orifice in the support member. 
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3581 . The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at lea^jt the three insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 

3582. The method of claim 3563, further comprising determining a temperature 
distribution in at least thAthree insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 

3583. The method of claim 3563, further comprising monitoring a leakage current of at 
least the three insulated conductors. 

3584. The method of claim 3563\ fu rther c omprising monitoring the applied electrical 
current. \ 

3585. The method of claims 5 63, further comprising monitoring a voltage applied to at 
least the three insulated conducfers*^\ \ 

3586. The method of claim 3563, furtherVomprising monitoring a temperature in at 
least the three insulated conductors with at teastsone thermocouple. 

3587. The method of claim 3563, further corWisin^lectrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configurecftto generate substantially no heat. 

Lg electrically coupling a lead-in 
ising a cold pin transition conductor. 

3589. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. \ 



3588. The method of claim 3563, further comprisij 
conductor to at least the three insulated conductors 
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3590. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3591 . The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overlWden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3592. The method of claim 3563,\further comprising coupling an overburden casing to 
the opening, wherein the overbui^kacasing is disposed in an overburden of the 
formation, and wherein thdoverburden ca&jig is further disposed in cement. 

3593. The method of claim 3563, furtHer comprising coupling an overburden casing to 
the opening, wherein the ovefou^den casing is disposed in an overburden of the 
formation, and wherein a packing maferkBi^isposea at a junction of the overburden 
casing and the opening. f\ 1 

3594. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is msposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3595. The method of claim 3563, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the hydrocarbons within the 
formation. \ 

3596. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 
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wherein the system is configured to allow heat to transfer from the first conductor 
to a section of the formation during use. 

3597. The system of claim 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

3598. The system of claim 3596, wherein the first conductor comprises a pipe. 

3599. The system of claim 3^96, wherein the first conductor comprises stainless steel. 

3600. The system of cldp^559C^fe^ein the first conduit comprises stainless steel. 

3601 . The system of claim 3596, farther coni^rising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 

3602. The system of claim 35967JurtWL£2EE2 s ^ ng \ centralizer configured to maintain 
a location of the first conductor within tWfirst conduitAwherein the centralizer comprises 
ceramic material. \ J 

3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first\:onduit, wherein the centralizer comprises 
ceramic material and stainless steel. \ 

3604. The system of claim 3596, wherein the opening comprises a diameter of at least 
approximately 5 cm. \ 

3605. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. \ 
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3606. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wnterein the lead-in conductor comprises copper. 

3607. The system onclaim 3596, further comprising a sliding electrical connector 
coupled to the first conductor. 

3608. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. \ 

3609. The system of claim 359ol further comprising a sliding electrical connector 
coupled to the first conductofTwhe^^ sliding electrical connector is further coupled 
to the first conduit, and wherein theWiding^ectrical connector is configured to complete 
an electrical circuit witlvthe first conductor ancT the first conduit. 

3610. The system of claim SS^s^utHer comprising a second conductor disposed within 
the first conduit and at least one slidingefeetdg^cd^ector coupled to the first conductor 
and the second conductor, wherein at leptthe one sliding electrical connector is 
configured to generate less heat than theVirst conductor or the second conductor during 
use. \A \ 

3611. The system of claim 3596, wherein the tfi^t corlduit comprises a first section and 
a second section, wherein a thickness of the firsA section is greater than a thickness of the 
second section such that heat radiated from the fiVst conductor to the section along the 
first section of the conduit is less than heat radiateH fro4 the first conductor to the section 
along the second section of the conduit. \ 



3612. The system of claim 3596, further comprising\a fluid disposed within the first 
conduit, wherein the fluid is configured to maintain a pressure within the first conduit to 
substantially inhibit deformation of the first conduit durtnt use. 



792 



Conley, Rose & Tayon, P.C. 



3613. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit. 

3614. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 
helium. 

3615. The system of claim 35§t6, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use. 



3616. The system of clainrfi596, fukher coinprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the firsbocniduit anc^the openingp substantially inhibit deformation 
of the first conduit during use. 

3617. The system of claim 3596, wherein \he first conductor is further configured to 
generate radiant heat of approximately 65(rW/m to approximately 1650 W/m during use. 



3618. The system of claim 3596, further comaming a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit\are disposed in different openings of the 
formation, wherein the first conductor is electricaWy coupled to the second conductor and 
the third conductor, and wherein the first, second, ^nd third conductors are configured to 
operate in a 3 -phase Y configuration during use. 



3619, The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is elect^qally coupled to the first 
conductor to form an electrical circuit. 
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3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wrtierein the second conductor is electrically coupled to the first 
conductor to form aji electrical circuit with a connector. 



362 1 . The system ofVlaim 3596, further comprising an overburden casing coupled to 
the opening, wherein tnp overburden casing is disposed in an overburden of the 
formation. 

3622. The system of clairA3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the^v^bujden casing comprises steel. 

3623. The systeirj of claim 359o, further comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and whereib<he overburden casing is Wther disposed in cement. 



3624. The system of claim 3596, fuftEeTE^prisiiig an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing Js disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and (he overburden casing during use. 

3626. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conckictor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 
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3627. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. \ 

3628. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. \ 

3629. The system of claim 3596Awherein the heated section of the formation is 
substantially pyrolyzed. ^^-"V^ 

3630. A system configurable to heatia hydrocarbon containing formation, comprising: 
a first conductoKconfigurable t& be dispo^d in a first conduit, wherein the first 

conduit is configurable to be*ctispasetf\^^ opening in the formation, and wherein 
the first conductor is further configurableVfo provide heat to at least a portion of the 
formation during use; and >A \ 

wherein the system is configurable rs allow heat to transfer from the first 
conductor to a section of the formation durirk \\se. 

363 1 . The system of claim 3630, wherein themrst conductor is further configurable to 
generate heat during application of an electricaftcurrent to the first conductor. 

3632. The system of claim 3630, wherein the fim conductor comprises a pipe. 

3633. The system of claim 3630, wherein the firsticonductor comprises stainless steel. 

3634. The system of claim 3630, wherein the first conduit comprises stainless steel. 
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3635. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit. 

3636. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location ofthe first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. 

3637. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material aiad stainless steel. 



3638. The system o^claim 36^p, wherein the opening comprises a diameter of at least 
approximately 5 am. 

3639. The system oifcl^im 3630, farther comprising a lead-in conductor coupled to the 
first conductor, wherein the lead^ft^o nduc tor opmprises a low resistance conductor 
configurable to generate substantiallyrno heat. 



3640. The system of claim 3630, tuftn&r comprising 
first conductor, wherein the lead-in conductor 



a lead-in conductor coupled to the 
comprises copper. 



3641 . The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor. 

3642. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 



3643. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
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to the first conViuit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

3644. The systenW claim 3630, further comprising a second conductor disposed within 
the first conduit and\at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. \ 

3645. The system of claim ^630, wherein the first conduit comprises a first section and 
a second section, wherein^t^clqiess of the first section is greater than a thickness of the 
second section such tKat heat radiate&sfrom the first conductor to the section along the 
first section of the conduit is lesstthan heat radiated from the first conductor to the section 
along the second sefcfion of the conduit. \ 

3646. The system of claim 3630, fifrther comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit deformation ofthe first c&nduit during use. 

3647. The system of claim 3630, furtherVoftiprising a thermally conductive fluid 
disposed within the first conduit. \ 

iprising a thermally conductive fluid 
thermally conductive fluid comprises 

3649. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to subst^tially inhibit arcing between the first 
conductor and the first conduit during use. \ \ 



3648. The system of claim 3630, further coil 
disposed within the first conduit, wherein the 
helium. 
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3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the fkst conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained betweeij the first conduit and the opening to substantially inhibit deformation 
of the first conduit d\inng use. 

365 1 . The system of cslaim 3630, wherein the first conductor is further configurable to 
generate radiant heat ofapproximately 650 W/m to approximately 1650 W/m during use. 

3652. The system of claim 3630, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherettrthe fif^t, second, and third conductors are configurable 
to operate in a 3 -phase Y cojmgurati(^cl\inng use. 



3653. The system of daim 3630,Vurther comprising a second conductor disposed within 
the first conduit, whereiVthe secon<\conduqpr is electrically coupled to the first 
conductor to form an electnfcal circuit 

3654. The system of claim 3630, furtWer comprising a second conductor disposed within 
the first conduit, wherein the second c\n\iuctor is electrically coupled to the first 
conductor to form an electrical circuit wifli a connector. 



3655. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing t$ disposed in an overburden of the 
formation. 



3656. The system of claim 3630, further composing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein tire overburden casing is disposed in an overburden of the 
formation, and wherein ^packing material is disposed at a junction of the overburden 
casing and the opening. 

3659. The system of claim ^630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereij>^epaCkiag material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3660. The system of claim i^Q^^ther compHsing an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low r^istance conductor is electrically coupled to the 
first conductor. 



366 1 . The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially \ow resistance conductor comprises carbon 
steel. 



3662. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conauctor disposed within the overburden 
casing and a centralizer configurable to support the\substantially low resistance conductor 
within the overburden casing. 
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3663. The system of claim 3630, wherein the heated section of the formation is 
substantially pyrolyzed. 

3664. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 

allowing the heat\p transfer from the first conductor to a section of the formation. 

3665. The method of claim\3664, wherein the first conductor comprises a pipe. 

3666. The method ofclaim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664,Wierein thA first conduit comprises stainless steel. 



3668. The method of claim 3664, fiirther comprising maintaining a location of the first 

V \ 

conductor in the first conduit with a centralizer. 



3669. The method of claim 3664, furthef^omprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 
ceramic material. 

3670. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, ^herein the centralizer comprises 
ceramic material and stainless steel. 

3671. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor. 
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3672. The method of claim 3664, further comprising electrically coupling a sliding 
electrical connector to the first conductor and the first conduit, wherein the first conduit 
comprises an electrical lead configured to complete an electrical circuit with the first 
conductor. \ 

3673. The method orclaim 3664, further comprising coupling a sliding electrical 
connector to the first conductor and the first conduit, wherein the first conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated heatVomprises approximately 20 percent generated by the first 
conduit. \ 

3674. The method of claim 3664, wherein the provided heat comprises approximately 
650 W/m to approximateh>tt^W/i^^ 

3675. The method oNdaim 3664, further comprising determining a temperature 
distribution in the first conduiTusingr^n electromagnetic signal provided to the conduit. 

3676. The method of claim 3664, farther comprising monitoring the applied electrical 
current. \\ 

3677. The method of claim 3664, furtherbomprising monitoring a voltage applied to the 
first conductor. \ 

3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 1 

3679. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is deposed in an overburden of the 
formation. 1 
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3680. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whetein the overburden casing comprises steel. 

368 1 . The method ofyclaim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3682. The method of clairA3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3683. The method of d£im 3664^rthek comprising coupling an overburden casing to 
the opening, wherein tt^overbumen c^mg is disposed in an overburden of the 
formation, and wherein the m^thepmrther comprises inhibiting a flow of fluid between 
the opening and the overburden casing, with a packing material. 

3684. The method of claim 3664, furth&r comprising coupling an overburden casing to 
the opening, wherein a substantially low Resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. \ 

3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially loW resistance conductor is electrically 
coupled to the first conductor, and wherein the substantially low resistance conductor 
comprises carbon steel. \ 

3686. The method of claim 3664, further compri&ng coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
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overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. 

3687. The method of cla\m 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3688. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, Wherein the lead-in conductor comprises copper. 

3689. The method of claim 3664,Wthercomprising maintaining a sufficient pressure 
between the first conduit and Jh^tb^nation to^ibstantially inhibit deformation of the \ 
first conduit. 

3690. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit. 

3691 . The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wherein the thermally conductive fluid comprises helium. 

3692. The method of claim 3664, further contorising inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 

3693. The method of claim 3664, further comprising removing a vapor from the 
opening using a perforated tube disposed proximal^ to the first conduit in the opening to 
control a pressure in the opening. 

3694. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 
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3695. The methdd of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit. 

3696. The method of tlaim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor 
with a connector. \ 

3697. The method of claim\3664, wherein a second conductor is disposed within a 
second conduit and a ttjifti^nnd^ctor is disposed within a third conduit, wherein the 
second conduit mdfthe third condmtsare disposed in different openings of the formation, 
wherein the first Conductor is electrically coupled to the second conductor and the third 
conductor, and wherehv4hejii^ third conductors are configured to operate 
in a 3 -phase Y configuration. \\ \ 

3698. The method of claim 3664, wMm a second conductor is disposed within the 
first conduit, wherein at least one sliding electrical connector is coupled to the first 
conductor and the second conductor, and wherein heat generated by at least the one 
sliding electrical connector is less than heat generated by the first conductor or the second 
conductor. \ 

3699. The method of claim 3664, wherein trae first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the\first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. \ 

3700. The method of claim 3664, further comprising flowing an oxidizing fluid through 
an orifice in the first conduit. \ 
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3701 . The method\of claim 3664, further comprising disposing a perforated tube 
proximate to the firs\ conduit and flowing an oxidizing fluid through the perforated tube. 

3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3703. A system configurer to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the formation; 

a second conductor disposed in a second conduit, wherein the second conduit is 
disposed within a second opening, in the formation; 

a third conductor chsf5osed mi a tlftpd conduit, wherein the third conduit is disposed 
within a third opening m the formation, wherein the first, second, and third conductors 
are electrically coupled n^a 3-phase Y configuration, and wherein the first, second, and 
third conductors are configureS^s^uawdpiieat to at least a portion of the formation 
during use; and A \ 

wherein the system is configure\iVo allow heat to transfer from the first, second, 
and third conductors to a selected section%f the formation during use. 

3704. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate heat during application of an electrical current to the first 
conductor. \ 

3705. The system of claim 3703, wherein the first, second, and third conductors 
comprise a pipe. \ 

3706. The system of claim 3703, wherein the first, second, and third conductors 
comprise stainless steel. \ 

;econd, and third openings comprise 




3707. The system of claim 3703, wherein the first, 
a diameter of at least approximately 5 cm. 
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3708. The systemiof claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor ana a third sliding electrical connector coupled to the third conductor. 

3709. The system of olaim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduk. 

3710. The system of claim B 703, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled-te^he^second conduit. 

3711. The system of claim 3 703\ further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the thini sliding electrical connector is further 
coupled to the third conduit. \ 

3712. The system of claim 3703, wlwein each of the first, second, and third conduits 
comprises a first section and a second s&otion, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from theVfirst, second, and third conductors to the 
section along the second section of each of (he conduits. 

3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid iaconfigured to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. \ 

3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduitsL 
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3715. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within thk first, second, and third conduits, wherein the thermally conductive 
fluid comprises heliW. 

3716. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduns, wherein the fluid is configured to substantially inhibit arcing 
between the first, second, Vnd third conductors and the first, second, and third conduits 
during use. \ 

3717. The system of claim 3a)3, further comprising at least one tube disposed within 
the first, second, and thipi^5permgs>^xternal to the first, second, and third conduits, 
wherein at least thexme tube is cmfigurefeUo remove vapor produced from at least the 
heated portion of tne formation such that a pressure balance is maintained between the 
first, second, and third cbndjiits ana the first, second, and third openings to substantially 
inhibit deformation of the first, second, and thira conduits during use. 

3718. The system of claim 3703, wherein the firk, second, and third conductors are 
further configured to generate radiant hl&t of approximately 650 W/m to approximately 
1 650 W/m during use. \ 

3719. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the fomiation. 

3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. \ 
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3721 . The system of claim 3703, further comprising at least one overburden casing 
coupled to the fflrst, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 

3722. The system af claim 3703, further comprising at least one overburden casing 
coupled to the first, sfecond, and third openings, wherein at least the one overburden 
casing is disposed in ah overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. \ 

3723. The system of cl^jiJ^OS^fixrther comprising at least one overburden casing 
coupled to the firsj^econd, and third Of^enings, wherein at least the one overburden 
casing is disposed in an overburden of the^ormation, wherein a packing material is 
disposed at a jun&tjon of at least the one oveVburden casing and the first, second, and third 
openings, and wherein^ieTjaekiW^aterial is further configured to substantially inhibit a 
flow of fluid between the first, seaond, and third opening and at least the one overburden 
casing during use. Y 

3724. The system of claim 3703, wMerei^i the heated section of the formation is 
substantially pyrolyzed. \ 

3725. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed within a first opening in the formation; 

a second conductor configurable to tie disposed in a second conduit, wherein the 
second conduit is configurable to be disposed within a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to be disposed within avthird opening in the formation, wherein 
the first, second, and third conductors are further configurable to be electrically coupled 
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in a 3-phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to provide heat to at least a portion of the formation during use; and 
wherein the\system is configurable to allow heat to transfer from the first, second, 
and third conductors\to a selected section of the formation during use. 

3726. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate heat during application of an electrical current to the first 
conductor. \ 

3727. The system of claim 1725, wherein the first, second, and third conductors 
comprise a pipe. — V — ^ 

3728. The system of claim 3725L wherein^the first, second, and third conductors 
comprise stainless&te^l. \ \ 

3729. The system of claim 3725,(wherein thd first, second, and third opening comprise a 
diameter of at least approximately 5\om. 

3730. The system of claim 3725, furth^comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 

3731. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. \ 

3732. The system of claim 3725, further comprising a second sliding electrical 
connector coupled to the second conductor, whefein the second sliding electrical 
connector is further coupled to the second conduit;. 
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3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 

3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 

3735. The system of claim 3 725, Wtfrer comprising a fluid disposed within the first, 
second, ana third conduits, whereinuhe fluids configurable to maintain a pressure within 
the first conouit to substantially inhiW deformation of the first, second, and third 
conduits during use* \ \ 

3736. The system of claim 3725vhirther comprising a thermally conductive fluid 
disposed within the first, second, and third conduits; 

3737. The system of claim 3725, furtheKcbmprising a thermally conductive fluid 
disposed within the first, second, and third (Wduits, wherein the thermally conductive 
fluid comprises helium. \ 

3738. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during use. \ 

3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openings external to the First, second, and third conduits, 
wherein at least the one tube is configurable to remcwe vapor produced from at least the 
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heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 

3740. The system of Olaim 3725, wherein the first, second, and third conductors are 
further configurable to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 

3741 . The system of clain08725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an over burde n of the formation. 



3742. The system o/claim 372^ further Comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overB&rdeorof the formation, and wherein at least the one 
overburden casing comprises ste^l. 

3743. The system of claim 3725, fiihker comprising at least one overburden casing 
coupled to the first, second, and third ojWings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in c&ment. 



3744. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 



3745. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 



811 



Conley, Rose & Tayon, P.C. 



disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wnerein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at least the one 
overburden casing during use. 

3746. The system of Maim 3725, wherein the heated section of the formation is 
substantially pyrolyzedA 

3747. An in situ method rbr heating a hydrocarbon containing formation, comprising: 
applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation^f^eirrfhe^first conductor is disposed in a first conduit, and 
wherein the first coiiduit is disposed winun a first opening in the formation; 

applying m electrical cupent to a second conductor to provide heat to at least a 
portion of the formaftmj^wherein the seconcRconductor is disposed in a second conduit, 
and wherein the second conduiTflpdis§osed within a second opening in the formation; 

applying an electrical currentto a thml conductor to provide heat to at least a 
portion of the formation, wherein tke\third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 

allowing the heat to transfer irom the first, second, and third conductors to a 
selected section of the formation. \ 

3748. The method of claim 3747, whetein the first, second, and third conductors 
comprise a pipe. \ 

3749. The method of claim 3747, wherein the first, second, and third conductors 
comprise stainless steel. \ 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
stainless steel. I 
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375 1 . The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3752. The method ol claim 3747, further comprising determining a temperature 
distribution in the first\second, and third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 

3753. The method of clairp 3747, further comprising monitoring the applied electrical 
current. 

3754. The method of claim 3747, further comprising monitoring a voltage applied to the 
first, second, and third conductor 



3755. The method<*f ;laim 3747, Wher comprising monitoring a temperature in the 
first, second, and third conduits with at least one tntonocouple. 



3756. The method of claim 3747TTuaiier comprising maintaining a sufficient pressure 
between the first, second, and third condmts and the fiifst, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 



3757. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits,\wherein the thermally conductive fluid 
comprises helium. 



3759. The method of claim 3747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, a\d third conduits with a fluid 
disposed within the first, second, and third conduits. 
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3760. The method of claim 3747, further comprising removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. 

3761 . The method of claim 3747, wherein the first, second, and third conduits comprise 
a first section and a second section, wherein a thickness of the first section is greater than 
a thickness of the second section such that heat radiated from the first, second, and third 
conductors to the section along, the first section of the first, second, and third conduits is 
less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, seconck and third conduits. 

3762. The method of plaim 3747, farther comprising flowing an oxidizing fluid through 
an orifice in the first, second, and thirM conduits. 

3763. The method of claim 374^TftH*%^omprisiire heating at least the portion of the 
formation to substantially pyrolyze at least some of tnie carbon within the formation. 

3764. A system configured to heat a hydra cafcbon containing formation, comprising: 
a first conductor disposed in a conduct, wn^rein the conduit is disposed within an 

opening in the formation; and 

a second conductor disposed in the coriduit, wherein the second conductor is 
electrically coupled to the first conductor with aconnector, and wherein the first and 
second conductors are configured to provide hea^to at least a portion of the formation 
during use; and 

wherein the system is configured to allow hfeat to transfer from the first and 
second conductors to a selected section of the formation during use. 

3765. The system of claim 3764, wherein the first conductor is further configured to 
generate heat during application of an electrical currenAto the first conductor. 
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3766. The system of claim 3764, wherein the first and second conductors comprise a 
pipe. 

3767. The system \f claim 3764, wherein the first and second conductors comprise 
stainless steel. 

3768. The system of cftaim 3764, wherein the conduit comprises stainless steel. 

3769. The system of claiin3764, further comprising a centralizer configured to maintain 
a location of the first and secWd conductors within the conduit. 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and secoiKLoonductors within the conduit, wherein the centralizer 
comprises ceramic material. 

3771 . The system orfcl^im 3764, further composing a centralizer configured to maintain 
a location of the first and seconJcDnditteters withip the conduit, wherein the centralizer 
comprises ceramic material and stainlesa steel. 

3772. The system of claim 3764, whereirr^he opening comprises a diameter of at least 
approximately 5 cm. 

3773. The system of claim 3764, further corrJbrising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3774. The system of claim 3764, further comprismg a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 



3775. The system of claim 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first sectiomis greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of tha conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3776. The system onclaim 3764, fiirther comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of tile conduit during use. 

3777. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduitA 

3778. The system ofclaim 3 k>4, fiirtheKcomprising a thermally conductive fluid 
disposed within the conduit, wherein the thetanally conductive fluid comprises helium. 



3779. The system of claim 376 
wherein the fluid is configured tot substantially 
conductors and the conduit during tfi&e. 



her comprising a fluid disposed within the conduit, 
nhibit arcing between the first and second 



3780. The system of claim 3764, ftirMier comprising a tube disposed within the opening 
external to the conduit, wherein the tut}e is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to Substantially inhibit deformation of the conduit 
during use. 

3781 . The system of claim 3764, wherein the first and second conductors are further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3782. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3783. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein ttte overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3784. The system of claiiA 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein>pacIdTTgTpaterial is disposed at a junction of the overburden 
casing and the op^mng. 

3786. The system of claim 3764, furaher comprising an overburden casing coupled to 
the opening, whereinthe^verburden casing is disposed in an overburden of the 
formation, wherein a packing maleriahW at adjunction of the overburden casing 
and the opening, and wherein the packmg material is further configured to substantially 
inhibit a flow of fluid between the openimg and the overpurden casing during use. 

3787. The system of claim 3764, wherein\tH^ heated section of the formation is 
substantially pyrolyzed. 



3788. A system configurable to heat a hydro&arbon containing formation, comprising: 
25 a first conductor configurable to be disposed in a conduit, wherein the conduit is 

configurable to be disposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 

conductor is configurable to be electrically coupleo to the first conductor with a 

connector, and wherein the first and second conductors are further configurable to 
30 provide heat to at least a portion of the formation during use; and 
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wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

3789. The system of claim 3788, wherein the first conductor is further configurable to 
generate heat duririjg application of an electrical current to the first conductor. 

3790. The system of\laim 3788, wherein the first and second conductors comprise a 
pipe. 

3791 . The system of claii^ 3788, wherein the first and second conductors comprise 
stainless steel. 

3792. The systeni of claim 37a8, whereiiMie conduit comprises stainless steel. 



3793 . The system of^iaiin 3 78 8\ further comprising a centralizer configurable to 
maintain a location of the first andjseSond conductors within the conduit. 

3794. The system of claim 3788, furcher comprising a centralizer configurable to 
maintain a location of the first and secopj conductors within the conduit, wherein the 
centralizer comprises ceramic material. 



3795. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3796. The system of claim 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3797. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no Heat. 
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3798. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 

3799. The system of claim 3788, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section olfthe conduit. 

3800. The system of claipcrf^S87ltirA^r comprising a fluid disposed within the conduit, 
wherein the fluid is^nfigurabffe to maintain^ pressure within the conduit to substantially 
inhibit deformation of the condun during use. \ 

3801 . The system o^c4aim3788, Wjher comprising a thermally conductive fluid 
disposed within the conduit. f \ 

3802. The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit, wherein thWhermally conductive fluid comprises helium. 

3803. The system of claim 3788, further Comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such tnat a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. \ 
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3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3806. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein \fie overburden casing is disposed in an overburden of the 
formation. 

3807. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the orerburden casing is disposed in an overburden of the 
formation, and wherein thr^verburdeiscasing comprises steel. 

3808. The system off claim 37»8, further comprising an overburden casing coupled to 
the opening, wherein tk\e overburden casing is (disposed in an overburden of the 
formation, and wherein theft SSing ia further disposed in cement. 

3809. The system of claim 3788,\fukher comprising an overburden casing coupled to 
the opening, wherein the overburdenScasing is disposed in an overburden of the 
formation, and wherein a packing mater^l is disppsed at a junction of the overburden 
casing and the opening. 

3810. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and fihe overburden casing during use. 

3811. The system of claim 3788, wherein the heafed section of the formation is 
substantially pyrolyzed. 



3812. An in situ method for heating a hydrocarbon Icontaining formation, comprising: 
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applying an alectrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within an opening in the formation, and wherein 
at least the two conduct&rs are electrically coupled with a connector; and 

allowing heat to transfer from at least the two conductors to a selected section of 
the formation. \ 

3813. The method of claim\3812, wherein at least the two conductors comprise a pipe. 

3814. The method of claim 3812, wherein at least the two conductors comprise stainless 
steel. \ 

3815. The method of clairp'^lfoAwhe conduit comprises stainless steel. 

3816. The method ofWim 3812, farther comprising maintaining a location of at least 
the two conductors in the conamtiadm^entralizei. 

3817. The method of claim 3812, flmler comprising maintaining a location of at least 
the two conductors in the conduit with aicentralizer, wherein the centralizer comprises 
ceramic material. \\ 

3818. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a cemtralizer, wherein the centralizer comprises 
ceramic material and stainless steel. \ 

3819. The method of claim 3812, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. \ 

3820. The method of claim 3812, further composing determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 
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3821 . The method qf claim 3812, further comprising monitoring the applied electrical 
current. 

3822. The method of c\aim 3812, further comprising monitoring a voltage applied to at 
least the two conductors. 

3823. The method of claiiii 3812, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

3824. The method of claim 3842, further comprising coupling an overburden casing to 
the opening, wherein the overb urden c asing is disposed in an overburden of the 
formation. 

3825. The method of ckim 3812, farther comprising coupling an overburden casing to 
the opening, wherein the overbiiraen^j^sing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3826. The method of claim 3812, furtHcr comprising coupling an overburden casing to 
the opening, wherein the overburden casin&is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3827. The method of claim 3812, further qpmprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material ispisposed at a junction of the overburden 
casing and the opening. 

3828. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 
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3 829. The methodW claim 3812, further comprising maintaining a sufficient pressure 
between the conduitWd the formation to substantially inhibit deformation of the conduit. 

3830. The method ofVlaim 3812, further comprising providing a thermally conductive 
fluid within the conduiA 

3831. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit, wllerein the thermally conductive fluid comprises helium. 

3832. The method of claim 3K12, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 

3833. The method of^laim 3812\ furtfcen comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the^opening. \ \ 

ring flowing a corrosion inhibiting fluid 
le conduit in the opening. 

3835. The method of claim 3812, wherein the conduit comprises a first section and a 
second section, wherein a thickness of tha first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat Vadiated from the first conductor to the section 
along the second section of the conduit. \ 

3836. The method of claim 3812, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. \ 

3837. The method of claim 3812, further composing disposing a perforated tube 
proximate to the conduit and flowing an oxidizinfc fluid through the perforated tube. 



3834. The method of claim 3812, tinner compr 
through a perforated tube disposed pibkimate to i 
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3838. The method of cfeim 3812, further comprising heating at least the portion of the 
formation to substantiallwpyrolyze at least some of the carbon within the formation. 

3839. A system configurecnto heat a hydrocarbon containing formation, comprising: 
at least one conductorViisposed in a conduit, wherein the conduit is disposed 

within an opening in the formation, and wherein at least the one conductor is configured 
to provide heat to at least a first ©ortion of the formation during use; 

at least one sliding connector, "wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
sliding connector is substantially lesspan the heat provided by at least the one conductor 
during use; and 

wherein the system i^configureti^h^allow heat to transfer from at least the one 
conductor to a section of (the formation dfuringsuse. 

3840. The system of claim 3839rwftereftl at least\he one conductor is further 
configured to generate heat during application of an iplectrical current to at least the one 
conductor. 

3841 . The system of claim 3839, wherein al least the one conductor comprises a pipe. 

3842. The system of claim 3839, wherein at l\;ast the one conductor comprises stainless 
steel. 

3843. The system of claim 3839, wherein the conduit comprises stainless steel. 



3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 
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3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material. 

3846. The system of clarm 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 

3847. The system of claim 38559, wherein the opening comprises a diameter of at least 
approximately 5 cm. \ 

3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, whereinjj*e4pd4n conductor comprises a low resistance 
conductor configured to gefferate subsiantiallysno heat. 

3849. The system of claim 3TS59 r -fiuth^cpmprisir^g a lead-in conductor coupled to at 
least the one conductor, wherein the leamin conductor comprises copper. 

3850. The system of claim 3839, whereinV&e conduit comprises a first section and a 
second section, wherein a thickness of the flprsection is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat rafliated from the first conductor to the section 
along the second section of the conduit. \ 

3851 . The system of claim 3839, further composing a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. \ 

3852. The system of claim 3839, further comprisfrig a thermally conductive fluid 
disposed within the conduit. \ 
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3853. The system\)f claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3854. The system ofclaim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is comigured to substantially inhibit arcing between at least the one 
conductor and the conduit during use. 

3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of theYormation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3856. The system of claim 3 83 ^Wherein at least the one conductor is further 
configured to generate radiapfneatpf approximately 650 W/m to approximately 1650 
W/m during use. 

3857. The system of claim 3839, futftier comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3858. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3859. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isldisposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3860. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3861 . The system W claim 3839, further comprising an overburden casing coupled to 
the opening, whereiA the overburden casing is disposed in an overburden of the 
formation, wherein a Racking material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid beWeen the opening and the overburden casing during use. 

3862. The system of claiim3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor 

3863. The system of cteiqi3839,Yurther coriysrising an overburden casing coupled to 
the opening and a substantially lowWsistance conductor disposed within the overburden 
casing, wherein the substantially low resistance Conductor is electrically coupled to at 
least the one conductor, and wherei\Jfie substantially low resistance conductor comprises 
carbon steel. 

3864. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 

3865. The system of claim 3839, wherein the^ieated section of the formation is 
substantially pyrolyzed. 



3866. A system configurable to heat a hydrocarbon containing formation, comprising: 

at least one conductor configurable to be disposed in a conduit, wherein the 
conduit is configurable to be disposed within an opening in the formation, and wherein at 
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least the one conductor is further configurable to provide heat to at least a first portion of 
the formation diMng use; 

at least onk sliding connector, wherein at least the one sliding connector is 
configurable to be Coupled to at least the one conductor, wherein at least the one sliding 
connector is further configurable to provide heat during use, and wherein heat provided 
by at least the one sliding connector is substantially less than the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
conductor to a section of tWe formation during use. 

3867. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate heat during application of an electrical current to at least the one 
conductor. \ 

3868. The system of clain/3866, wherein ak least the one conductor comprises a pipe. 

3869. The system of claim 3866, whec^in at least the one conductor comprises stainless 
steel. \l 

3870. The system of claim 3866, wherein the conduit comprises stainless steel. 

3871 . The system of claim 3866, furtheAcomprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 

3872. The system of claim 3866, further ccWprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material. \ 

3873. The system of claim 3866, further com{)rising a centralizer configurable to 
maintain a location of at least the one conductorlwithin the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 
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3874. The system of claim 3866, wherein the opening comprises a diameter of at least 
approximately 5 cm. \ 

3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable toWnerate substantially no heat. 

3876. The system of claim S866, further comprising a lead-in conductor coupled to at 
least the one conductor, whererin the lead-in conductor comprises copper. 

3877. The system of claim 3866, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is lesMn£n"h®*it radiated from the first conductor to the section 
along the second section o£"fne concmit. 

3878. The system of claihQ866, furWj7comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit durinV use. 

3879. The system of claim 3866, furthen comprising a thermally conductive fluid 
disposed within the conduit. \ 

3880. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3881 . The system of claim 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between at least the one 
conductor and the conduit during use. \ 
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3882. The system of claim 3866, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated ©ortion of the formation such that a pressure balance is maintained 
between the conduinand the opening to substantially inhibit deformation of the conduit 
during use. \ 

3883. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate \adiant heat of approximately 650 W/m to approximately 1650 
W/m during use. \ 

3884. The system of claim J&66, further comprising an overburden casing coupled to 
the opening, wherein the ovemurden casing is disposed in an overburden of the 
formation. ^^*~X 

3885. The system o^claim 3866\further comprising an overburden casing coupled to 
the opening, wherein the^ei^m^r^asing is disposed in an overburden of the 
formation, and wherein the overburaen casing comprises steel. 

3886. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdenWsing is further disposed in cement. 

3887. The system of claim 3866, furthei comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing materialus disposed at a junction of the overburden 
casing and the opening. \ 

3888. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is dispelled at a junction of the overburden casing 
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and the opening,Wd wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3889. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. \ 

3890. The system of clairA 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. ^A— ^ 

3891 . The system of claUi 3866, further comprising an overburden casing coupled to 
the opening and a substantiatty4owesistanc6 conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 
within the overburden casing. \\ 

3892. The system of claim 3866, wherem^the heated section of the formation is 
substantially pyrolyzed. \ 

3893. An in situ method for heating a hyflrocarbon containing formation, comprising: 
applying an electrical current to at least one conductor and at least one sliding 

connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding conne&tor are disposed within a conduit, and 
wherein heat provided by at least the one coriductor is substantially greater than heat 
provided by at least the one sliding connector! and 

allowing the heat to transfer from at lekst the one conductor and at least the one 
sliding connector to a section of the formation^ 
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3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 

3895. The method of claim 3893, wherein at least the one conductor comprises stainless 
steel. 

3896. The method \f claim 3893, wherein the conduit comprises stainless steel. 

3897. The method of Jtlaim 3893, further comprising maintaining a location of at least 
the one conductor in theVonduit with a centralizer. 

3898. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the cqrgluit with a centralizer, wherein the centralizer comprises 
ceramic material. 

3899. The method o£claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduiu^ith a ceptralizer, wherein the centralizer comprises 
ceramic material and stainless stael. 



3900. The method of claim 3893, wherein 
650 W/m to approximately 1650 W/fti. 



the provided heat comprises approximately 



3901 . The method of claim 3893, funher comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3902. The method of claim 3893, furthe\ comprising monitoring the applied electrical 
current. 



3903. The method of claim 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 
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3904. The method of claim 3893, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

3905. The methodW claim 3893, further comprising coupling an overburden casing to 
the opening, whereinthe overburden casing is disposed in an overburden of the 
formation. \ 

3906. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3907. The method of claim 3Sv^further comprising coupling an overburden casing to 
the opening, wherein the^verburaen c&smg is disposed in an overburden of the 
formation, and whereinvtiie overburden casnag is further disposed in cement. 

3908. The method of claim 3893, mrther comprising coupling an overburden casing to 
the opening, wherein the overburdenrcasing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \\ 

3909. The method of claim 3893, furthencomprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3910. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor. \ 
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391 1 . The meWiod of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casink wherein the substantially low resistance conductor is electrically 
coupled to at least me one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. 

3912. The method of ftlaim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherem the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and wherein the method further comprises 
maintaining a location of theWbstantially low resistance conductor in the overburden 
casing with a centralizer support. 

391 3. The method of claiirk5^93, furth^comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises a low 
resistance conductor configurefrteWnerate substantially no heat. 

3914. The method of claim 3893, fukther comprising electrically coupling a lead-in 
conductor to at least the one conductoi\ ^herein the lead-in conductor comprises copper. 

comprising maintaining a sufficient pressure 
;ubstantially inhibit deformation of the conduit. 

3916. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit. \ 

3917. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally\conductive fluid comprises helium. 

ising inhibiting arcing between the 
yithin the conduit. 



391 5. The method of claim 3893, furthd 
between the conduit and the formation to 



391 8. The method of claim 3893, further comf 
conductor and the conduit with a fluid disposed 
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3919. The m<khod of claim 3 893 , further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure In the opening.. 

3920. The method oXclaim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3921 . The method of clairia 3893, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. \ 

3922. The method of claim 3 $93, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim ^3,Wrther comprising heating at least the portion of the 
formation to substantially pyroljizejine^st some of the carbon within the formation. 

3924. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member deposed within an opening in the formation, 

wherein at least the one elongated member lk configured to provide heat to at least a 
portion of the formation during use; and \ 

wherein the system is configured toWlow heat to transfer from at least the one 
elongated member to a section of the formatW during use. 

3925. The system of claim 3924, wherein at least the one elongated member comprises 
stainless steel. \ 

the one elongated member is further 
melectrical current to at least the one 



3926. The system of claim 3924, wherein at leasi 
configured to generate heat during application of '< 
elongated member. 
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3927. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. 

3928. The system of fclaim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 

3929. The system of claim\3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings aj^onfi^urea^o flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition or^or proximate to at least the one elongated member during use. 

3930. The system of claim 3924, fiftther comprising a tube disposed in the opening, 
wherein the tube comprises openings^Wherein ihe openings are configured to flow a fluid 
along a length of at least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 
elongated member during use. \ 

3931. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member. \ 

3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member cbupled to at least the one elongated 
member, wherein the centralizer is configured t© maintain a location of at least the one 
elongated member on the support member. \ 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3934. The system oAclaim 3924, further comprising a lead-in conductor coupled to at 
least the one elongatedWiember, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3935. The system of claiki 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. \ 

3936. The system of claim J&24, further comprising a lead-in conductor coupled to at 
least the one elongated membor, wherein the lead-in conductor comprises copper wire. 

3937. The system of claim 392jMtifffie^ a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3938. The system of claim 3924,^u5her comprising a lead-in conductor coupled to at 
least the one elongated member with k cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 3924, wherein at least the one elongated member is arranged 
in a series electrical configuration. \ 

3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel electrical configuration, \ 

3941. The system of claim 3924, wherein W least the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. \ 
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3942. The system of claim 3924, further comprising a perforated tube disposed in the 
opening external to aUeast the one elongated member, wherein the perforated tube is 
configured to remove Vapor from the opening to control a pressure in the opening during 
use. \ 

3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 

3944. The system of claim 39x4, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3945. The system of clahrfj924 J rbrtherfcomprising an overburden casing coupled to 
the opening, wherein the overburdem casing is disposed in an overburden of the 
formation, and whereiirthe-^a^rbui^^ casing is nirther disposed in cement. 

3946. The system of claim 3924,\further comprising an overburden casing coupled to 
the opening, wherein the overburdenscasmg is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is dispbsed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3948. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is dispose\i at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow o^fluid between the opening and the overburden casing during use. 

3949. The system of claim 3924, wherein the heated section of the formation is 
substantially pyrolyzod. 

3950. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongaW member configurable to be disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a poraon of the formation during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

395 1 . The system of clakf5r3950\wherein s at least the one elongated member comprises 
stainless steel. ( \ \ 

\ 

3952. The system of claim 3950, UhWein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. v\ 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member. \ 

3954. The system of claim 3950, further conWising a support member coupled to at 
least the one elongated member, wherein the sitaport member is configurable to support 
at least the one elongated member, and wherein Vhe support member comprises openings. 

3955. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings, 

i 

839 Conley, Rose & Tayon, P.C 



wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carboh deposition on or proximate to at least the one elongated member during 
use. \ 

3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length oVat least the one elongated member during use, and wherein the 
fluid is configurable toWbstantially inhibit carbon deposition on or proximate to at least 
the one elongated member during use. 

3957. The system of claim3950 ? further comprising a centralizer coupled to at least the 
one elongated mejflfer, wherein thexentralizer is configurable to electrically isolate at 
least the one eLongated member. \ 

3958. The system of clamTT95(Ffurther comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralize\is configurable to maintain a location of at least the one 
elongated member on the support member. 

3959. The system of claim 3950, wherW the opening comprises a diameter of at least 
approximately 5 cm. \ 

3960. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein theVead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 

3961. The system of claim 3950, further composing a lead-in conductor coupled to at 
least the one elongated member, wherein the lead\in conductor comprises a rubber 
insulated conductor. \ 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3964. The system onclaim 3950, further comprising a lead-in conductor coupled to at 
least the one elongatedVnember with a cold pin transition conductor, wherein the cold pin 
transition conductor corm>rises a substantially low resistance insulated conductor. 

3965. The system o£citum"39§0, wherein at least the one elongated member is arranged 
in a series electrkial configuration.N. 

3966. The system^claim 3950, wherein at least the one elongated member is arranged 
in a parallel electrical configuraikmT \ 

3967. The system of claim 3950uwherein at least the one elongated member is 
configurable to generate radiant heaSfcvof approximately 650 W/m to approximately 1650 
W/m during use. \ 

3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. \ 

3969. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing k disposed in an overburden of the 
formation. \ 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whWein the overburden casing comprises steel. 

3971 . The system ot\claim 3950, further comprising an overburden casing coupled to 
the opening, wherein tne overburden casing is disposed in an overburden of the 
formation, and wherein tne overburden casing is further disposed in cement. 

3972. The system of clainA3950, further comprising an overburden casing coupled to 
the opening, wherein the ovetburden casing is disposed in an overburden of the 
formation, and wherckrTpacHSng^naterial is disposed at a junction of the overburden 
casing and the opening. \ 

3973. The system^claim 3950\ further comprising an overburden casing coupled to 
the opening, wherein the ovferbttrdWeSing is disposed in an overburden of the 
formation, wherein a packing mMenal is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casW is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3975. The system of claim 3950, wherein thfe heated section of the formation is 
substantially pyrolyzed. \ 



3976. An in situ method for heating a hydrocarbon containing formation, comprising: 

applying an electrical current to at least oAe elongated member to provide heat to 
at least a portion of the formation, wherein at least\the one elongated member is disposed 
within an opening of the formation; and 
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allowing heat to transfer from at least the one elongated member to a section of 
the formation. 

3977. The metho\l of claim 3976, wherein at least the one elongated member comprises 
a metal strip. 

3978. The method o^claim 3976, wherein at least the one elongated member comprises 
a metal rod. 

3979. The method of cl^im 3976, wherein at least the one elongated member comprises 
stainless steel. 



3980. Theme 
elongated mer 



lod of claim 39 1 
?er on a center sup|$ 



further comprising supporting at least the one 
rt member. 



398 1 . The method of claim 
elongated member on a center : 
comprises a tube. 



ipport 



ler comprising supporting at least the one 
Member, wherein the center support member 



3982. The method of claim 3976,vfurther comprising electrically isolating at least the 
one elongated member with a centralizer. 



3983. The method of claim 3976, further comprising laterally spacing at least the one 
elongated member with a centralizer. 

3984. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in a series configuration. 



3985. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 
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3986. The method of claim 3976, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3987. The method of claim 3976, further comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

3988. The method of \laim 3976, further comprising monitoring the applied electrical 
current. 

3989. The method otpJatfn4^76, further comprising monitoring a voltage applied to at 
least the one elongated meihber. 



3990. The meth69^fxiaimj^6 5 further comprising monitoring a temperature in at 
least the one elongated mem/per with at least one thermocouple. 

3991 . The method of claim 39T&sfurther comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 
the openings to substantially inhibif carbon deposition proximate to or on at least the one 
elongated member. 



3992. The method of claim 3976, fiitther comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 
carbon deposition proximate to or on a\ least the one elongated member. 



3993. The method of claim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least the one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 
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3994. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

3995. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 

3996. The method of claim 3i976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. \ 

3997. The method of claim 3-9^6, further cojftnrising coupling an overburden casing to 
the opening, wherein the overbiKdrnjaasing is disposed in an overburden of the 
formation. \ \. 

3998. The method of claim 3976, furthen comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

3999. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is\disposed in cement. 

4000. The method of claim 3976, further composing coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed ai a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

4003. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use; 
an oxidizing fluid source^: 

a conduit disposed withinyhe opening, wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configjAd3^toall)9w heat to transfer from at least the one 
elongated member to a sectional the formation during use. 

4004. The system of claim 4003, whMn at leasj the one elongated member comprises 
stainless steel. \\ 

4005. The system of claim 4003, whereinW lfeast the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. \ 

4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member. \ 

4007. The system of claim 4003, wherein at leist the one elongated member is coupled 
to the conduit, wherein the conduit is further corifigured to support at least the one 
elongated member, and wherein the conduit comprises openings. 
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4008. The systeiAof claim 4003, further comprising a centralizer coupled to at least the 
one elongated memtser and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 

4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member ana the conduit, wherein the centralizer is configured to maintain 
a location of at least the ona elongated member on the conduit. 



10 



4010. The system of claim 4003, wherein the opening comprises a diameter of at least 
approximately 5 cm. 
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401 1 . The system of claim 4003, Wther comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

4012. The system of claim 4003<nirthW comprising a lead-in conductor coupled to at 



least the one elongated member, 
insulated conductor. 



fe lead-i: 



conductor comprises a rubber 



4013. The system of claim 4003, further c&inprising a lead-in conductor coupled to at 
least the one elongated member, wherein the\lead-in conductor comprises copper wire. 
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40 1 4. The system of claim 4003 , further conrorising a lead-in conductor coupled to at 
least the one elongated member with a cold pim transition conductor. 

4015. The system of claim 4003 , further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



30 401 6. The system of claim 4003, wherein at least Jfie one elongated member is arranged 
in a series electrical configuration. 
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4017. The system of claim 4003, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

401 8. The system of claim 4003, wherein at least the one elongated member is 
configured to generate radiapt heat of approximately 650 W/m to approximately 1650 
W/m during use. 

4019. The system of claim 40d8, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from t^e opening to control a pressure in the opening during 
use. 

4020. The system of cla^i 4003, fuAher comprising an overburden casing coupled to 
the opening, wherein th^ overburden casing is disposed in an overburden of the 
formation. 

4021 . The system of claim 4003, furthei comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4022. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4023. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, whereiA the overburden casing is disposed in an overburden of the 
formation, wherein a Racking material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packins material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between uie opening and the overburden casing during use. 

4026. The system of claim 4003\ wherein the heated section of the formation is 
substantially pyrolyzed. 

4027. A system configurable to heek a hydrocarbon containing formation, comprising: 
at least one elohgated member configurable to be disposed within an opening in 



the formation, wherein at least the dne\elongaterd member is further configurable to 
provide heat to at least a portion of me formation during use; 

a conduit configurable to be oisnosed within the opening, wherein the conduit is 
further configurable to provide an oxidiaing fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit carbon deposition on\or proximate to at least the one elongated 
member during use; and 

wherein the system is further configurable to allow heat to transfer from at least 
the one elongated member to a section of tae formation during use. 



4028. The system of claim 4027, wherein £t least the one elongated member comprises 
stainless steel. 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member 

4030. The system 6f claim 4027, wherein at least the one elongated member is coupled 
to the conduit, whereiij the conduit is further configurable to support at least the one 
elongated member. 

403 1 . The system of claim 4027, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member, and when^in the conduit comprises openings. 

4032. The system ofpteim 40^sfiirther comprising a centralizer coupled to at least the 
one elongated meiarfber and the condiut wherein the centralizer is configurable to 
electrically isolate at least the one^longated member from the conduit. 

4033 . The system of^elainL4037^1hher comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 



id member on the conduit. 



maintain a location of at least the one elpngat 



4034. The system of claim 4027, wher^n the opening comprises a diameter of at least 
approximately 5 cm. 

4035. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 



4036. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the Ipad-in conductor comprises a rubber 
insulated conductor. 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4038. The system oAclaim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4040. The system of claim 402 X wherein at least the one elongated member is arranged 
in a series electrical configu^aflonV^N. 

4041 . The system of claim 4027, wherein ameast the one elongated member is arranged 
in a parallel electrical configtn'atiefl^M \ 

4042. The system of claim 4027, wherein at least the one elongated member is 
configurable to generate radiant heat of^rmroximately 650 W/m to approximately 1650 
W/m during use. \ 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. \ 

4044. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. \ 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4046. The systemW claim 4027, further comprising an overburden casing coupled to 
the opening, whereiAthe overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4047. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. \ 

4048. The system of jeflaim 4027, furthek comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a pafckiii^mampd is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4049. The system of claim 4027, fiMier comprising an overburden casing coupled to 
the opening, wherein the overburden oping is disposed in an overburden of the 
formation, wherein a packing material \s disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, whereinvthe heated section of the formation is 
substantially pyrolyzed. \ 

405 1 . An in situ method for heating a hydrodarbon containing formation, comprising: 
applying an electrical current to at leasi one elongated member to provide heat to 

at least a portion of the formation, wherein at lqast the one elongated member is disposed 
within an opening in the formation; 1 
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providingW oxidizing fluid to at least the one elongated member to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing he\t to transfer from at least the one elongated member to a section of 
the formation. 

4052. The method of ^Jaim 405 1 , wherein at least the one elongated member comprises 
a metal strip. 

4053. The method of claii^ 405 1 , wherein at least the one elongated member comprises 
a metal rod. 

4054. The method of claim 4d§ 1 , wherein at least the one elongated member comprises 
stainless steel. 



4055. The method of claim/4D5 1 Afurthertomprising supporting at least the one 
elongated member on a oenter support membetr. 



4056. The method of clait 



er com arising supporting at least the one 



elongated member on a center support[membe^ 
comprises a tube. 



, wherein the center support member 



4057. The method of claim 405 1 , furthir comprising electrically isolating at least the 
one elongated member with a centralize^ 

4058. The method of claim 405 1, further Comprising laterally spacing at least the one 
elongated member with a centralizer. 



4059. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a series configuration. 
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4060. The Wthod of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 

4061 . The method of claim 405 1 , wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

4062. The method \f claim 405 1 , further comprising determining a temperature 
distribution in at least\he one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

4063 . The method of claim 405 1 , further comprising monitoring the applied electrical 
current. \ 

4064. The method ofyflaim 405 1 , furtherNcomprising monitoring a voltage applied to at 
least the one elongated member \ 

4065. The method of claim 405 k farther comprising monitoring a temperature in at 
least the one elongated member witft^at least one thermocouple. 

4066. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member comprises flowing the oxidizing fluid through the openings in the center support 
member. \ 

4067. The method of claim 405 1 , wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate to at least tha one elongated member. 
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4068. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

4069. The methooVof claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least me one elongated member using a cold pin transition conductor. 

4070. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. \ 

4071 . The method ofclaim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overbWden casinkis disposed in an overburden of the 
formation. [ \ \ 



rising coupling an overburden casing to 
iprises steel. 

4073. The method of claim 405 1 , fu^h^ comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 

4074. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing material vs disposed at a junction of the overburden 
casing and the opening. \ 

4075. The method of claim 405 1, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 



4072. The method of claim 405 l,tfurther comj 
the opening, wherein the overburden, casing cob 
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4076. The method of claim 405 1 , further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



a 

a! ! 



1=* 



4077. An in situ mkhod for heating a hydrocarbon containing formation, comprising: 
5 oxidizing a fuel fluid in a heater; 

providing at least a portion of the oxidized fuel fluid into a conduit disposed in an 
opening of the formation; 

allowing heat to transfer from the oxidized fuel fluid to a section of the formation; 

and 

10 allowing additional ^heat to transfer from an electric heater disposed in the opening 

to the section of the formatiop, wherein heat is allowed to transfer substantially uniformly 
along a length of the opej 

4078. The method of claim 40V7, wherein providing at least the portion of the oxidized 
15 fuel fluid into tlre^opening composes flowrpg the oxidized fuel fluid through a perforated 

conduit disposed in theop 
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4079. The method of claim 4077Mjvherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises, flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening, the \nethod further comprising removing an exhaust 
fluid through the opening. 
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4080. The method of claim 4077, 
in the heater with a flame. 



ler comprising initiating oxidation of the fuel fluid 



408 1 . The method of claim 4077, further comprising removing the oxidized fuel fluid 
through the conduit. 



4082. The method of claim 4077, further comprising removing the oxidized fuel fluid 
30 through the conduit and providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 
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4083. The methodW claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the cqnduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 
conduit. \ 

4084. The method of claim 4077, wherein the electric heater is an insulated conductor. 

4085. The method of claim 4077, wherein the electric heater is a conductor disposed in 
the conduit. \ 

4086. The method of claim 4077, wherein the electric heater is an elongated conductive 
member. ^ — V-^^ 

4087. The method of paim 4077, wherein theHydrocarbon containing formation 
comprises a coal containing formatiom \ 

4088. The method of claim 4077, wharein the hydrocarbon containing formation 
comprises an oil shale containing formatjW \ 

4089. The method of claim 4077, wherein tne hydrocarbon containing formation 
comprises a heavy oil and/or tar containing permeable formation. 

4090. The method of claim 4077, wherein tfte hydrocarbon containing formation 
comprises a heavy oil and/or tar containing impermeable formation. 

4091 . A system configured to heat a hydrocarbon containing formation, comprising: 
one or more heat sources disposed within one or more open wellbores in the 

formation, wherein the one or more heat sources are configured to provide heat to at least 
a portion of the formation during use; and \ 
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wherein^the system is configured to allow heat to transfer from the one or more 
heat sources to a\ selected section of the formation during use. 

4092. The systeiAof claim 4091, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

4093. The system of claim 4091, wherein the one or more heat sources comprise 
electrical heaters. \ 

4094. The system of claimW09 1 , wherein the one or more heat sources comprise surface 
burners. f \ 

4095. The systerA of claim 4091, wherein the one or more heat sources comprise 
flameless distributeabeqib^torB^ \ 

4096. The system of claim 409l\ wherein the one or more heat sources comprise natural 
distributed combustors. \ 

4097. The system of claim 4091, wherein the one or more open wellbores comprise a 
diameter of at least approximately 5 cm. 

4098. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation. \ 

4099. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing comprises steel. 
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4100. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of tf^e formation, and wherein the overburden casing is further disposed in 
cement. 

4101 . The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or m\re open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing material is disposed at a junction 
of the overburden casing ana the at least one of the one or more open wellbores. 

4102. The system of claim 4(591, further comprising an overburden casing coupled to at 
least one of the one or more opfin wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, Wherein a packing material is disposed at a junction of 
the overburden casing andtherarlfcast one of the one or more open wellbores, and 
wherein the packing^fiaterial is configurbd to substantially inhibit a flow of fluid between 
at least one of the pne or more open wellbores and the overburden casing during use. 



4103. The system of claim 409 1 , fuhher comprising an overburden casing coupled to at 
least one of the one or more open Vellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherean a packing material is disposed at a junction of 
the overburden casing and the at least ojnfespf the one or more open wellbores, and 
wherein the packing material comprises\cement. 



4 1 04. The system of claim 409 1 , wherefti the system is further configured to transfer 
heat such that the transferred heat can pyrtylyze at least some hydrocarbons in the selected 
section. 



4 1 05. The system of claim 409 1 , further cdbiprising a valve coupled to at least one of 
the one or more heat sources configured to control pressure within at least a majority of 
the selected section of the formation. 



859 



Conley, Rose & Tayon, P.C. 



4106. The system of claim 4091, further comprising a valve coupled to a production 
well configured t\ control a pressure within at least a majority of the selected section of 
the formation. 



4107. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat frofai one or more heat sources to at least one portion of the 

formation, wherein the one\or more heat sources are disposed within one or more open 

wellbores in the formation; 

allowing the heat to tr^isfer from the one or more heat sources to a selected 

section of the formation; and 

producing a mixture frorfo the formation. 



4108. The method of claim 4 1 07 Awherein the one or more heat sources comprise at 
least two heat sources, and wherein sugergosition of heat from at least the two heat 
sources pyrolyzes at least som^fiydrc^carbons^^hin the selected section of the 
formation. 

4 1 09. The method of claim 4 1 07, whdAin controlling formation conditions comprises 



maintaining a temperature within the selected section 



within a pyrolysis temperature 



range with a lower pyrolysis temperature 
temperature of about 400 °C. 



about 250 °C and an upper pyrolysis 



4110. The method of claim 4 1 07, wherein tl\e one or more heat sources comprise 
electrical heaters. 

4111. The method of claim 4 1 07, wherein the ^ne or more heat sources comprise 
surface burners. 



4112. The method of claim 4 1 07, wherein the on£ or more heat sources comprise 
flameless distributed combustors. 
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4113. The method of claim 4107, wherein the one or more heat sources comprise natural 
distributed combustars. 

4114. The method of \laim 4107, wherein the one or more heat sources are suspended 
within the one or more oWn wellbores. 

4115. The method of clairA4107, wherein a tube is disposed in at least one of the one or 
more open wellbores proximate to heat source, the method further comprising flowing a 
substantially constant amount \ fluid into at least one of the one or more open wellbores 
through critical flow orifices inmetube. 

4116. The method off claim 410A wherein\perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a cbo^sion inhibiting fluid into at least one of the open wellbores 
through the perforated tube. y7 \ 

4117. The method of claim 4 1 07, further comprising coupling an overburden casing to 
at least one of the one or more open weNbores, wherein the overburden casing is disposed 
in an overburden of the formation. \ 

4118. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbones, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing comprise steel. 

4119. The method of claim 4 1 07, further comprising coupling an overburden casing to 
at least one of the one or more open wellboresi wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing is further disposed 
in cement. \ 
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4120. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein a packing material is disposed at a 
junction of the overburden casing and the at least one of the one or more open wellbores. 



10 



4121 . The method of craim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the method further comprises inhibiting a 
flow of fluid between the atyeast one of the one or more open wellbores and the 
overburden casing with a packing material. 



4122. The method of clau*r3Tt07, fufthe^omprising heating at least the portion of the 
formation to substantially pyrol&ze at least some of the carbon within the formation. 

15 4 1 23 . The method of^lai m 410z tforther comprising controlling a pressure and a 

temperature within at least a majdrity of the selected section of the formation, wherein 
the pressure is controlled as a fimct^n of temperature, or the temperature is controlled as 
a function of pressure. 

20 4 1 24. The method of claim 4 1 07, fur\her comprising controlling a pressure with the 
wellbore. 
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4125. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section ofpe formation with a valve coupled to at least 
one of the one or more heat sources. 



30 



4126. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the\formation with a valve coupled to a 
production well located in the formation. 
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average heating rate 
pyrolysis. 



f the selected section is less than about 1 °C per day during 



4128. The method of claim 4107, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(C v ), and 
wherein the heating pyrolyzes\at least some hydrocarbons within the selected volume of 
the formation; and \ 

wherein heating energy/nay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the\equation: 

Pwr = hW*C*n&^^\ 

wherein Pw/is the heatingWergy/daK /z is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 



4129. The method of claim 4107Xwherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. \ 

4130. The method of claim 4 1 07, wh srein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is gree ter than about 0.5 W/(m °C). 

4131. The method of claim 4 1 07, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

4132. The method of claim 4107, wherdin the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % ay weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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4133. The method of claim 4107, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4134. The method of Haim 4107, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

4135. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein l&ss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4136. The method of clapar^©7, r ^hemn the produced mixture comprises condensable 
hydrocarbons, and wherein less than about! % by weight, when calculated on an atomic 
basis, of the condensak^jty^oc^bQiis is oxygen. 

4137. The method of claim 4107,\herein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % byWeight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

4138. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

41 39. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about\20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 
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4140. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, anckwherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 4141. The method offclaim 4 1 07, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4142. The method of claim\4107, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons areWcloalkanes. 

4143. The memod of claim 410V, wher&in the produced mixture comprises a non- 
condensable component, whereinVhe non-cbndensable component comprises hydrogen, 

15 and wherein the hydroge i r is giea raf :han about 1 0 % by volume of the non-condensable 
component and wherein the hydrogen is less tHjan about 80 % by volume of the non- 
condensable component. 

4144. The method of claim 4107, wHprein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 %\by weight of the produced mixture is ammonia. 

4145. The method of claim 4107, wheifein the produced mixture comprises ammonia, 
and wherein the ammonia is used to prodjuce fertilizer. 



25 4 1 46. The method of claim 4 1 07, further Comprising controlling a pressure within at 
least a majority of the selected section of tile formation. 
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4147. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of thepbrmation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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4148. The method of claim 4107, further comprising controlling formation conditions 
such that the produced mixture comprises a partial pressure of H2 within the mixture 
greater than about 0.5 bar. 

4149. The method of claim 4148, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

4150. The method of claim \ 1 07, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

4151. The method of claim 4 lOf^further comprising altering a pressure within the 
formation to inhibit prodjidion o\ hydrocarbons from the formation having carbon 
numbers greater than about 25. 

4 1 52. The method of claim 4 1 07,/fiirther comprising 



providing hydrogen (H2) to i|ie heated 
within the section; and 



section to hydrogenate hydrocarbons 

■ 



heating a portion of the section wffeh heat from hydrogenation. 

4153. The method of claim 4107, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

4154. The method of claim 4 1 07, wherfein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



4155. The method of claim 4107, whereih allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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4156. The method of claim 4107, further comprising controlling the heat to yield greater 
than about 60 % by fyeight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

4157. The method of claim 4107, wherein producing the mixture comprises producing 
the mixture in a productiomwell, and wherein at least about 7 heat sources are disposed in 
the formation for the production well. 

4158. The method of claim 41o7, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation i unit of heat sources, and wherein the unit of heat 
sources comprises a triangtflar patteij 



4159. The method <pf claim 4107, further comprising providing heat from three or more 
heat sources to at leasV^ portion of the \formation\ wherein three or more of the heat 
sources are located in the fonnatkm4»-^wit of hekt sources, wherein the unit of heat 
sources comprises a triangular pattern, aAd wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4160. The method of claim 4107, further opmprising separating the produced mixture 
into a gas stream and a liquid stream. 

4161. The method of claim 4107, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 



4162. The method of claim 4107, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. 
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4163. The method 01 claim 4107, wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 

4164. The method of clWn 4107, wherein the mixture is produced from a production 
well, wherein the heatingijs controlled such that the mixture can be produced from the 
formation as a vapor. 

4165. The method of claim\4107, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



4166. The method of pilmn 41u7, wherein the mixture is produced from a production 
well, wherein a welpore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore\ and further comprising heating the formation 
with the heater element to^oanq^rhe mixture, wherein the mixture comprises a large 



non-condensable hydrocarbon gasi componen 

4 1 67. The method of claim 4 1 07, Whhf ein tl 
pyrolysis temperature of about 270 f C. 



and H2. 



e selected section is heated to a minimum 



4168. The method of claim 4107, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 



4169. The method of claim 4107, further comprising controlling pressure within the 
formation in a range from about atmosriheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein tyie pressure is increased to increase production 
of non-condensable hydrocarbons. 
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4 1 70. The method of claim 4 1 07, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

4171. A mixture produce^ from a portion of a hydrocarbon containing formation, the 
mixture comprising: 

an olefin content of lfess than about 10% by weight; and 
an average carbon number less than about 35. 

4172. The mixtur^erTclairrT^W^, further comprising an average carbon number less 
than about 30. 

4173. The mixturebt^laim 4 1 TL> further Comprising an average carbon number less 
than about 25. 

4 1 74. The mixture of claim 417 j|\$urther compnsmg: 
non-condensable hydrocar^on\comprising hydrocarbons having carbon numbers 

of less than 5; and 

wherein a weight ratio of tlfe hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1. 



4 1 75. The mixture of claim 4171, farther comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen! wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 
less than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfur. 
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about 0.05 % by wei; 



Lt of the produced mixture is ammonia. 



4 1 77. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein an olefin conteftt of the condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensabfe hydrocarbons, and wherein the olefin content of the 
condensable hydrocarbons is less than about 15 % by weight of the condensable 
hydrocarbons. \ 

4178. The mixture of claim VH 71, further comprising condensable hydrocarbons, 
wherein less than about 1 J^oHMMveight of the condensable hydrocarbons have a carbon 
number greater than about 25. \ \ 

4179. The condensable hydrocarbons m claim 4178, wherein less than about 1 % by 
weight, when calculateatm^a£t<mic basis, of the condensable hydrocarbons is nitrogen, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen, and wherein less than about 1 % by weight, when 
calculated on an atomic basis, of tha condensable hydrocarbons is sulfur. 



4180. The mixture of claim 4177, ftirther comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 1 

4181. The mixture of claim 4171, fuMier comprising : 

non-condensable hydrocarbonsicomprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H 2 ; and 

condensable hydrocarbons, comprising: 
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oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 



4182. The mixture of claim 4171, further comprising: 
condensable hydrocarbons, wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbonsjomprises oxygenated hydrocarbons; and 

aromatip^ompounds^wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 1 5 % 
by weight of the non-condensable^drocaropns comprises H2. 

4183. The mixture of claim 4171 ? \^further comprising a condensable mixture, 
comprising: 

olefins, wherein about 0.1 °A by" weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less tha^ about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. 



41 84. The condensable mixture of cliim 4 1 83, further comprising, oxygenated 
hydrocarbons, wherein less than about|15 % by weight of the condensable mixture 
comprises oxygenated hydrocarbons; 



4185. The mixture of claim 4171, further comprising a condensable mixture, 
comprising: 
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olefins, whereim about 0.1 % by weight to about 2 % by weight of the 
condensable mixture comprises olefins; and 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multiVring aromatics with more than two rings. 

4186. The condensable niixture of claim 4 1 84, further comprising oxygenated 
hydrocarbons, wherein greater than about 25 % by weight of the condensable mixture 
comprises oxygenated hydrocarbons. 

4187. The mixture of claim Ul71, further comprising: 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 

comprise H 2 , wherein greatgj^han about 10 % by weight of the non-condensable 
hydrocarbons comprises H2; 

ammonia, ^herein greater than\bout 0.5 % by weight of the mixture comprises 
ammonia; and 

hydrocarbbfts^wherein ^w^ight ratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is grasfter than about 0.4. 

4188. A mixture produced fronjXportion of a hydrocarbon containing formation, the 
mixture, comprising: 

non-condensable hydrocarbons Comprising hydrocarbons having carbon numbers 



of less than 5; and 

wherein a weight ratio of 



le hydrocarbons having carbon numbers from 2 



through 4, to methane, in the mixttire is greater than approximately 1 . 

4189. The mixture of claim 4175,lfurther comprising condensable hydrocarbons, 
wherein about 0.1 % by weight to 4bout 15 % by weight of the condensable hydrocarbons 
are olefins. 



4190. The mixture of claim 4175, Wrein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4191. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 V/° by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons\is nitrogen. 

4192. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 %\by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is! oxygen. 

4193. The mixture of claim k 175, further comprising condensable hydrocarbons, 
wherein about 5 % by weight! to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing Compounds, and wherein the oxygen containing compounds 
comprise phenols. 

4194. The mixture arclaim 4U75, further comprising condensable hydrocarbons, 
wherein less than ab (mt 1 % bjj weight,\vhen calculated on an atomic basis, of the 
condensable hydrocarbons is ; 

4195. The mixture of claim 41175, Birther comprising condensable hydrocarbons, 
wherein greater than about 20 °/\ by weight of the condensable hydrocarbons are aromatic 
compounds. 

4196. The mixture of claim 4176, further comprising condensable hydrocarbons, 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than twb rings. 

4197. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 0.3 % by (weight of the condensable hydrocarbons are 
asphaltenes. 
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4198. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise cycloalkanes. 

4199. The mixture of clairt 41 75, wherein the non-condensable hydrocarbons further 
comprises hydrogen, whereih the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4200. The mixture of claim 4175, further comprising ammonia, wherein greater than 
about 0.05 % by weight of thd produced mixture is ammonia. 

4201 . The mixture of claim 4(175, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer 

4202. The mixture of claim 41v5, furthet comprising condensable hydrocarbons, 
wherein less than about 1 5 weight % of the\condensable hydrocarbons have a carbon 



number greater than approximately 25. 



4203. The mixture of claim 417p, farther comprising condensable hydrocarbons, 
wherein the condensable hydrocatbons\pmprise olefins, and wherein about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 

4204. The mixture of claim 41 75L further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 



4205. The mixture of claim 4175,lfurther comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight oqthe condensable hydrocarbons comprises oxygenated 
hydrocarbons. 
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4206. The mixture of clawn 4175, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4207. The mixture of claimUl75, further comprising non-condensable hydrocarbons, 
wherein the non-condensablelhydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4208. The mixture of claim 41175, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4209. A mixture produpetffrom a porubn of a hydrocarbon containing formation, the 
mixture comprising:/ \ 

non-condensable hydroqarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein^Wetgh™tio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greatei than approximately 1; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the ponderable component comprises oxygenated 
hydrocarbons. I 

42 1 0. The mixture of claim 4209, wherein about 0. 1 % by weight to about 1 5 % by 
weight of the condensable hydroqarbons are olefins. 

421 1. The mixture of claim 4209, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rangeslfrom about 0.001 to about 0.15. 

4212. The mixture of claim 42091 wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 
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4213. The mixture of claim 4209, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 

4214. The mixture of clairA 4209, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 



421 5. The mixture of claim tt209, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 



wherein the oxygen containin; 



42 1 6. The mixture of claim 
condensable hydrocarbons^ 



4)209, wherein greater than about 20 % by weight of the 
ic compounds. 



42 1 7. The mixtafe of claim 
condensable hydrocarbons 



4f>09, wherein less than about 5 % by weight of the 

multi-ring aromatics with more than two rings. 



conipnses 



42 1 8. The mixture of claim 4 
condensable hydrocarbons are 



20<A wherein less than about 0.3 % by weight of the 
asphaltenes. 



42 1 9. The mixture of claim 
weight of the condensable 



4220. The mixture of claim 
hydrogen, wherein the hydrog 
condensable hydrocarbons, anji 
of the non-condensable hydrocarbons 



422 1 . The mixture of claim 
and wherein greater than abou 



compounds comprise phenols. 



4209, 



wherein about 5 % by weight to about 30 % by 
hydjrocarbons are cycloalkanes. 



4209 



, wherein the non-condensable hydrocarbons comprises 
n is greater than about 10 % by volume of the non- 
wherein the hydrogen is less than about 80 % by volume 



4209 



, wherein the produced mixture comprises ammonia, 
0.05 % by weight of the produced mixture is ammonia. 
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4222. The mixture of clain l 4209, wherein the produced mixture comprises ammonia, 
and wherein the ammonia islused to produce fertilizer. 



4223. The mixture of claiml4209, wherein less than about 5 weight % of the 
condensable hydrocarbons injthe mixture have a carbon number greater than 
approximately 25. 

4224. The mixture of claim 4209, wherein the condensable hydrocarbons further 
comprise olefins, and whereiiJ about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 



4225. The mixture of claim 4E09s<wherein the condensable hydrocarbons further 
comprise olefins, and whemn about 0^ % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 



4226. The mixture of claim 4j>09, wherein the non-condensable hydrocarbons further 
comprise H 2 , wherein greater than abiut 5 % by weight of the mixture comprises H 2 . 

4227. The mixture of claim 4E0t9, wherein the non-condensable hydrocarbons further 
comprise H2, wherein greater than about 15 % by weight of the mixture comprises H 2 . 



4228. The mixture of claim 
than about 2 carbon atoms, to 



4209 



, wherein a weight ratio of hydrocarbons having greater 
nethane, is greater than about 0.3. 



4229. A mixture produced fipm a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weig it ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1; 

condensable hydrocarbons; 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; 

wherein less than aboi 1 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than abouf 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 



4230. The mixture of claim 
about 0.05 % by weight of the 



>29, further comprising ammonia, wherein greater than 
produced mixture is ammonia. 



423 1 . The mixture of claim 42 
condensable hydrocarbons have 

4232. The mixture of claim 
olefins, and wherein abj 
hydrocarbons are ol 




29, wherein less than about 5 weight % of the 
a carbon number greater than approximately 25. 

;ierein the condensable hydrocarbons comprise 
zht to about 15 % by weight of the condensable 



.422 



4233. The mixture of claim 
condensable hydrocarbons ranges 



29> v wherein a molar ratio of ethene to ethane in the non- 
:s froVabout 0.001 to about 0.15. 



4234. The mixture of claim 
weight of the condensable 
wherein the oxygen containing 



4235. The mixture of claim 
condensable hydrocarbons are 



4236. The mixture of claim 4 
condensable hydrocarbons 



4229, wherein about 5 % by weight to about 30 % by 
hydn carbons comprise oxygen containing compounds, and 
ompounds comprise phenols. 



4229 



, wherein greater than about 20 % by weight of the 
iromatic compounds. 



29, wherein less than about 5 % by weight of the 
composes multi-ring aromatics with more than two rings. 
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4237. The mixture of claim 4229L wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asdhaltenes. 



4238. The mixture of claim 4229 
weight of the condensable hydroc arbons 



4239. The mixture of claim 422S 
hydrogen, and wherein the hydro 
condensable hydrocarbons and 
of the non-condensable hydrocarbbns 



, wherein about 5 % by weight to about 30 % by 
are cycloalkanes. 



, wherein the non-condensable hydrocarbons comprises 
en is greater than about 10 % by volume of the non- 
wnerein the hydrogen is less than about 80 % by volume 



4240. The mixture of claim 422S , further comprising ammonia, and wherein greater 



than about 0.05 % by weight o£, 

424 1 . The mixture ofclaim 422$ 
ammonia is used tororoduce ferti 



iduced mixture is ammonia. 

, further comprising ammonia, and wherein the 
lzer. 



4242. The mixture of claim 4219, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises okvgenated hydrocarbons. 

4243. The mixture of claim 4229, wherein the non-condensable hydrocarbons comprise 
H2, and wherein greater than ^bout 5 % by weight of the non-condensable hydrocarbons 
comprises H2. 

4244. The mixture of claini 4229, wherein the non-condensable hydrocarbons comprise 
H2, and wherein greater than about 15 % by weight of the mixture comprises H2. 



4245. The mixture of claim 4229, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than about 0.3. 
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4246. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbo is comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater thai l approximately 1 ; 

ammonia, wherein greater ttoin about 0.5 % by weight of the mixture comprises 
ammonia; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4247. The mixture of claim 4246, \ /herein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are oketifts. 



4248. The mixture of (claim 4246, 
comprise ethene and ethane, anJwfi 
condensable hydrocarbons ranges 



wherein the non-condensable hydrocarbons further 
ein a molar ratio of ethene to ethane in the non- 
ab^/ut 0.001 to about 0.15. 



4249. The mixture of claim 4240, whereinstfie condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable pydrocarbons is nitrogen. 

4250. The mixture of claim 4^6, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein Aess than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



425 1 . The mixture of claim #246, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4252. The mixture of claim 4246, where in the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

rein the condensable hydrocarbons further 
srein greater than about 20 % by weight of the 
compounds. 

4254. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, and Wherein less than about 5 % by weight of the 
condensable hydrocarbons comprise^ multi-ring aromatics with more than two rings. 

the condensable hydrocarbons further 
\ about 0.3 % by weight of the condensable 

4256. The mixture of claim 4246, N wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4257. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise hydrogen, wherein/the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condens(abie hydrocarbons. 

4258. The mixture of claim 4246, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. / 



4253. The mixture of claim 4246, whe 
comprise aromatic compounds, and wh 
condensable hydrocarbons are aromatif 



425 5 . The mixture of claip*^246, Jvherefc 
comprise asphaltenes, #fid wherein/less tha 
hydrocarbons are aspl: 
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4259. The mixture of claim 4246, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4260. The mixture of claim 4246, wherein the/condensable hydrocarbons comprise 
hydrocarbons having a carbon number of grea/er than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons /n the mixture have a carbon number greater 
than approximately 25. / 

426 1 . The mixture of claim 4246, whereiii the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 5 % by weight of the mixture comprises H 2 . 

4262. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than/about 15 % by weight of the mixture comprises 

H 2 . y^T\ 

4263. The mixture of claim 4246, Mjherefn the non-condensable hydrocarbons further 
comprise hydrocarbons having caraon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon nnirtbers greater than 2, to methane, is greater than about 
0.3. / \. 

4264. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: / 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a vyeight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1; and 

condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 

4265. The mixture ff claim 4264, wherein the non-condensable hydrocarbons further 
comprise ethene ana ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4266. The mixture of claim 4264, wherein the condensable hydrocarbons further 



comprise nitrogen, and wherein less than about 



% by weight, when calculated on an 



atomic basis, of the condensable hydrocarbons is nitrogen. 

4267. The mixture of claim 4264, wherein thb condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4268. The mixture of claim 4264, whereiivthe condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarpons is sulfur. 



4269. The mixture of claim 42t>4, whetiein tnfe condensable hydrocarbons further 
comprise oxygen containiri^ compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensableshydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen contaimngcomnoums comprise phenols. 



4270. The mixture of claim 4264/wherain the condensable hydrocarbons further 
comprise aromatic compounds, and wherei^ greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4271. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise multi-ring aromatios, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4272. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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4273. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weigm to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

4274. The mixture of claim 4264, wherein the noi/condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than about 1 0 % by volume of 
the non-condensable hydrocarbons and whereinihe hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons./ 

4275. The mixture of claim 4264, wherein/the produced mixture further comprises 
ammonia, and wherein greater than aboutyO.05 % by weight of the produced mixture is 
ammonia. / 

4276. The mixture of claim^l^^yherenhhe produced mixture further comprises 
ammonia, and wherein^fie ammonia is used tomroduce fertilizer. 

4277. The mixture ots^aim 4264, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than about \5P/o by weigmspf the hydrocarbons have a carbon number 
greater than approximately 25. \ 

4278. The mixture offclaim 4264, wherein about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 

4279. The mixtu/e of claim 4264, wherein about 0.1% to about 2 % by weight of the 
condensable component comprises olefins. 

4280. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



884 



Conley, Rose & Tayon, P.C. 



428 1 . The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4282. The mixture of claim 4264, wherein the non-conaensable hydrocarbons further 
comprise H2, and wherein greater than about 5 % by weight of the non-condensable 
hydrocarbons comprises H2. / 

4283. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than about 15 % by weight of the non-condensable 
hydrocarbons comprises H2. / 

4284. The mixture of claim 4264, wherein a/weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methang^j^S^atef^dian about 0.3. 

4285. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: ^-- ^ / — <j i 

condensable hydrocarbons, Wnerem less than about 1 5 weight % of the 
condensable hydrocarbons have a cfarbon member greater than 25; and 

wherein the condensable nydrocarbonk comprise oxygenated hydrocarbons, and 
wherein greater than about 5 %/by weight of the^condensable hydrocarbons comprises 
oxygenated hydrocarbons. / 

4286. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5\ and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 thrcmgh 4, to methane, is greater than approximately 1 . 

4287. The mixmre of claim 4285, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable4iydrocarbons are olefins. 
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4288. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensaWe hydrocarbons ranges 
from about 0.001 to about 0.15. / 

4289. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4290. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 °/J by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is/oxygen. 

4291 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise sulfur, and whereir/less than abou/ 1 % by weight, when calculated on an 
atomic basis, of the condensaoteJiydroca^pns is sulfur/ 

4292. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocaftons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4293. The mixture of claim ^285, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbon/ are aromatic compounds. 

4294. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise multi-ring4romatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4295. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4296. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight tp about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4297. The mixture of claim 4285, further comprisingyhon-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume of me non-condensable hydrocarbons and 
wherein the hydrogen is less than abojiHflf% by yfrolume^fci^he non-condensable 
hydrocarbons. 




4298. The mixture of claim 43S^further comprising ammoiiia, and wherein greater 
than about 0.05 % by weight of the produced mimure is ammonia. 

4299. The mixture of claim 4285, furrier comprising ammonia, and wherein the 
ammonia is used to produce fertilizer/ 



4300. The mixture of claim 4285/ wherein the condensable hydrocarbons further 
comprises olefins, and wherein lefss than about 10 % by weight of the condensable 
hydrocarbons comprises olefin/ 

4301 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprisesyolefins. 

4302. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, pid wherein about 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 
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4303. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greatej/ than about 5 % by weight of 
the condensable hydrocarbons comprises the oxygenated hydrocarbon. 

4304. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H 2 . 

4305. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , wherein greater than about 15 
% by weight of the non-condensable hydrocarbons comprises H2. 

4306. The mixture of claharf4285, wherein a weight nitio of hydrocarbons having greater 
than about 2 carbon aton/s, to methane, M greater than about 0.3. 

4307. A mixture produced from a j/orticb of a hydrocarbon containing formation, 
comprising: / \ 

condensable hydrocarbons, wherein less than about 15 % by weight of the 
condensable hydrocarbons have a carbon number greater than about 25; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; 

wherein less than smout 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is oxygen; and 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 

4308. The mixtu/e of claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non/condensable component comprises hydrocarbons having carbon 
numbers of legs than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4309. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight tojbbout 15 % by weight of the 
condensable hydrocarbons are olefins. 

43 1 0. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the pon-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

43 1 1 . The mixture of claim 4307, wherein the Condensable hydrocarbons further 
comprise oxygen containing compounds, whepin about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds^Mnprigephenols. 

43 12. The mixture of claim 4^07, wheifein the condensable hydrocarbons further 
comprise aromatic compoundsy ^nd wner ein^reater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

43 1 3 . The mixture of claim 4307; wherein tifte condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons coimirises multi-ring aromatics with more than two rings. 

43 1 4. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise asphaltenes, and/wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



43 1 5. The mixture 6f claim 4307, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydf^carbons are cycloalkanes. 

/ 
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4316. The mixture of claim 4307, further comprising non-condenpable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about 80 % by volumtfof the non-condensable 
component comprises hydrogen. / 

43 17. The mixture of claim 4307, further comprising ammpnia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

43 1 8. The mixture of claim 4307, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

43 1 9. The mixture of claim 4307, wherein the condensable component further 
comprises olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
component comprises olefins. / 

4320. The mixture of claim 4307, j^her^ further 
comprises olefins, and wherein aboutOll % tySbout 2.5 °//by weight of the condensable 
component comprises olefins. / \ 

432 1 . The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, ana wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4322. The mixture of claim 4307/further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4323. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-condensamle hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the rum-condensable hydrocarbons comprises H2. 



890 



Conley, Rose & Tayon, P.C. 



4324. The mixture of claim 4307, further comprising npn-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater than about 0.3. 

4325. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: / 

condensable hydrocarbons, wherein less than about 1 5 % by weight of the 
condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable hydrocarbons comprise olefins, wherein an olefin 
content of the condensable component is less than about 10 % by weight of the 
condensable component. / 

4326. The mixture of claim 4325/rurther comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrobafbons^opiprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weighturatio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is/greatbr than approximately 1. 

4327. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about y.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4328. The mixture of claim 4323, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethj&ne to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to abdut 0.15. 

4329. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4330. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

433 1 . The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % byAveight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4332. The mixture of claim 4325, wherein the condensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

4333. The mixture of claim 4325^daereiiVthe^ hydrocarbons further 
comprise aromatic compounds/and wherein greater thah about 20 % by weight of the 
condensable hydrocarbons ardsaromatic (Compounds. 

4334. The mixture of claim 4325, wnereirKtfie condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein lesbian about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4335. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4336. The mixture of cLaim 4325, wherein the condensable hydrocarbons further 
comprise cycloalkanes/and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocayuons are cycloalkanes. 

4337. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non^condensable hydrocarbons comprises hydrogen, and wherein the 
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hydrogen is about 10 % by volume to about 80 % by volume of the non-condensable 
hydrocarbons. / 

4338. The mixture of claim 4325, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4339. The mixture of claim 4325, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

4340. The mixture of claim 4325, whereirf about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins/ 

4341 . The mixture of claim 4325, wherein about 0. 1 % to about 2 % by weight of the 
condensable component compris^olejms. 

4342. The mixture off claim 4325, wMerein the condensable component further 
comprises oxygenated n^^sarbons/^nd whej^in greater than about 1 .5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4343. The mixture of claim 4325, whe^edn the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4344. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensaple hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the norvcondensable hydrocarbons comprises H2. 

4345. The mixture oyclaim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-conaensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 
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4346. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight/ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is grfeater than approximately 0.3. 

4347. A mixture produced from a portion/of a hydrocarbon containing formation, 
comprising: / 

condensable hydrocarbons, where in less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and / 

wherein the condensable hydrocarbons further comprise aromatic compounds, 
wherein more than about 20 %Jby^EIBt^the condensable hydrocarbons comprises 
aromatic compounds. / J \ 

4348. The mixture of clkkq^4347, Airt^r/comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weigirt ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 

4349. The mixture of claimA347, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4350. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein a molar ratioyof ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to About 0.15. 

435 1 . The mixtifre of claim 4347, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, pi the condensable hydrocarbons is nitrogen. 
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4352. The mixture of claim 4347, wherein the condensable hyd/ocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. / 

4353. The mixture of claim 4347, wherein the condensat/le hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4354. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein epont 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons compris^oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4355. The mixture of claim 4347, whereinjthe^e^^ hydrocarbons further 
comprise multi-ring aromatics, ancptflierein /es^than about 5 % by weight of the 
condensable hydrocarbons compnses-mtiWWng aromatics with more than two rings. 

4356. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

4357. The mixture of claim 4347, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein abow 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ara cycloalkanes. 

4358. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensdble hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater thajf about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 
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4359. The mixture of claim 4347, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4360. The mixture of claim 4347, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

4361. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 Vo to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. / 

4362. The mixture of claim 4347, wHerein the condensable hydrocarbons further 
comprises olefins, and wherein abouyO.l % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. I_ 

4363. The mixture ofclaim 4347L wherein the condensable hydrocarbons further 
comprises multi-ring^romatic compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons oomprises multi-ring aromatic compounds. 

4364. The mixture of claimA347, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbon^ comprises oxygenated hydrocarbons. 

4365. The mixture of aflaim 4347, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4366. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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4367. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Hb, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4368. The mixture of claim 434)7, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hynrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4369. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: / 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about S^wjieFpra-weiglj^atio of the hydrocarbons having carbon number 
from 2 througfr*Cto metttane, in the mixtifee is greater than approximately 1; 

wherein the non^condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by we/ght of the H*m-condensaple hydrocarbons comprises H2; and 
\Q ondensable ji ^droeaftyms, comprising/ 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein lessthan about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4370. Thef mixture of claim 4369, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4371. / The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4372. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the conoensable hydrocarbons is oxygen. 

4373. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise sulfur, and whereinuess than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4374. The mixture of claim 43o9^Jiei^inthe condensable hydrocarbons further 
comprise oxygen containing^comppunds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing comnouncb comprise phenols. 



4375. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arorWics with more than two rings. 

4376. The mixture of claim 4369, wherain the condensable hydrocarbons comprise 
asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. I 

4377. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes.! 

4378. The mixture of claim 4369, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than! about 10 % by volume and less than about 
80 % by volume of the non-condensable hydrocarbons. 
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4379. The mixture of claim 4369, further comprising ammonia, and wherein greater 
than about 0.05 y6 by weight of the produced mixture is ammonia. 

4380. The mixture of claim 4369, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

438 1 . The mixture of craim 4369, wherein the condensable hydrocarbons further 
comprise hydrocarbons haVing a carbon number of greater than approximately 25, 
wherein less than about 15 % by weight of the hydrocarbons have a carbon number 
greater than approximately 2fA 

4382. The mixture ofclaim 4369, wherein about 0. 1 % to about 5 % by weight of the 
condensable hydrockljons comprises olefins. 

4383. The mixture of claim 4369, wherein about 0.1 % to about 2 % by weight of the 
condensable hydrocarbons comprises cdefins. 

4384. The mixture of claim 4369, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4385. The mixture of claim 4369, wherein W mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherem the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane fs greater than about 0.3. 

4386. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: \ 

condensable hydrocarbons, wherein less thah about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons liaving a carbon number greater than 
about 25; \ 

wherein the condensable hydrocarbons further comprise: 
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oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-conditnsable hydrocarbons comprises H2. 

43 87. The mixture of claim 43 86 , wherein the non-condensable hydrocarbons further 
comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 
ratio of hydrocarbons having cai^on number^Aom 2 through 4, to methane, is greater 
than approximately 1. / \ \ 

4388. The mixture of clairir43^6rv^ierein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.05) l\to about 0.15. 

4389. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4390. The mixture of claim 4386, wherein Mie condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbonais oxygen. 

4391 . The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4392. The mixture of itlaim 4386, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4393. The mixture of claim V3 86, wherein the condensable hydrocarbons further 
comprise multi-ring aromaticsXand wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4394. The mixture of claim 43 86\ wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein fpss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4395. The mixture of claim 4386 
cycloalkanes, and wherein ab 
condensable hydrocarbons are 



rem tRespndensable hydrocarbons comprise 
t 5 % by\weight to ^out 30 % by weight of the 
lalka 



4396. The mixture of claim 4386, whereim greater than about 10 % by volume and less 
than about 80 % by volume of the non-conasnsable hydrocarbons is hydrogen. 



4397. The mixture of claim 4386, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4398. The mixture of claim 4386, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4399. The mixture of claim 4386, wherein about (\. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 



4400. The mixture of claim 4386, wherein about 0. 1 yo to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 
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4401. The mixture of claim 4386, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 15 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4402. The mixture of claim 4386, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4403. A condensable mixture produced from a portion of a hydrocarbon containing 
formation, comprising: \ 

olefins, wherein about 0. lVo by weight to about 15 % by weight of the 
condensable mixture comprises olefi|*!>; \ 

oxygenated hydrocarbon^wherein less than about 1 5 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons; and 

asphaltenes, wherein les stKan about/6 . 1 % by weight of the condensable mixture 
comprises asphaltenes. \ [ 

4404. The mixture of claim 4403, wherein the condensable mixture further comprises 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. \ 

4405. The mixture of claim 4403, wherein about 0. 1 % by weight to about 5 % by 
weight of the condensable mixture compriseslolefins. 

4406. The mixture of claim 4403, wherein the condensable mixture further comprises 
non-condensable hydrocarbons, wherein the nom-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about Q.15. 
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4407. The mixture of claim 4403, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. 



4408. The mixture onclaim 4403, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixttire is oxygen. 



4409. The mixture of claim 4403, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight, when calculated on an atomic basis, of 
the condensable mixture is si 

4410. The mixture of claim 4403, wherein the condensable mixture further comprises 
oxygen containing compoifeicis^v^ier^in about 5 % by weight to about 30 % by weight of 
the condensable mixture comprisa oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



441 1 . The mixture of claim 4403, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4412. The mixture of claim 4403, whereW the condensable mixture further comprises 
multi-ring aromatics, and wherein less thamabout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatios with more than two rings. 

4413. The mixture of claim 4403, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weigh\ to about 30 % by weight of the 
condensable mixture are cycloalkanes. 

4414. The mixture of claim 4403, wherein the condensable mixture comprises non- 
condensable hydrocarbons, and wherein the non-ctondensable hydrocarbons comprise 
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hydrogen, aneh wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

441 5. The mixtureW claim 4403, further comprising ammonia, and wherein greater 
than about 0.05 % byVveight of the produced mixture is ammonia. 

4416. The mixture of claim 4403, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4417. The mixture of claim\4403, wherein about 0.1 % by weight to about 2 % by 
weight of the condensable^imxture comprises olefins. 

441 8. A condensable mixture produced from a portion of a hydrocarbon containing 
formation, comprising^^^ \ ^/ \ 

olefins, wherein about 0. 1 % bV weight to about 2 % by weight of the 
condensable mixture comprises oleflns\ 

multi-ring aromatics, whereinuesVthan about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 

oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons. 

4419. The mixture of claim 441 8, furthencomprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture have a carbon number greater than approximately 25. 

4420. The mixture of claim 441 8, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by wfeight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. \ 
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442 1 . The mixture of claim 44 1 8, wherein the condensable mixture further comprises 
oxygen, ahd wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 

4422. The mixWe of claim 441 8, wherein the condensable mixture further comprises 
sulfur, and wherem less than about 1 % by weight, when calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. 

4423. The mixture of claim 4418, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compouncre^tfmprise iphenols. 

4424. The mixture of cla W44 lV jafflerein the condensable mixture further comprises 
aromatic compounds, and whereiiwtreater than about 20 % by weight of the condensable 
mixture are aromatic compounds. \\ 

4425. The mixture of claim 441 8, wherein the condensable mixture further comprises 
condensable hydrocarbons, and whereimless than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4426. The mixture of claim 441 8, whereinVhe condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. \ 

4427. The mixture of claim 44 1 8, further composing ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture ft ammonia. 

4428. The mixture of claim 441 8, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. \ 



905 



Conley, Rose & Tayon, P.C. 



4429. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: \ 

non-condensable hydrocarbons and H2, wherein greater than about 10% by 
volume of the non-opndensable hydrocarbons and H2 comprises H2; 

ammonia and\water, wherein greater than about 0.5 % by weight of the mixture 
comprises ammonia; aiid 

condensable hyarocarbons. 

4430. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons havikg carbon numbers of less than 5, and wherein a weight ratio 
of the hydrocarbons having carbon numbers from 2 through 4 to methane, in the mixture 
is greater than approximately lV^ "\ 

443 1 . The mixture of claIm4429K^rein greater than about 0. 1 % by weight of the 
condensable hydrocarbons are olefins, and wherein less than about 15 % by weight of the 
condensable hydrocarbons are olefinst\^ 

4432. The mixture of claim 4429, whdrein the non-condensable hydrocarbons further 
comprise ethene and ethane, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater thanW>out 0.001, and wherein a molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4433. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4434. The mixture of claim 4429, wherein lessithan about 1 % by weight, when 
calculated on an atomic basis, of the condensabl^ hydrocarbons is oxygen. 

1 about 1 % by weight, when 
drocarbons is sulfur. 



4435. The mixture of claim 4429, wherein less 
calculated on an atomic basis, of the condensable '. 
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4436. The mixture of claim 4429, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4437. The mixturetof claim 4429, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4438. The mixture of claim 4429, wherein less than about 5 % by weight of the 
condensable hydrocarbonsycomprises multi-ring aromatics with more than two rings. 

4439. The mixture of claim 4429, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4440. The mixture of claim 4429iwWrein aoout 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4441 . The mixture of claim 4429, wHereirrQie H 2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4442. The mixture of claim 4429, wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. \ 

4443. The mixture of claim 4429, wherein tne ammonia is used to produce fertilizer. 

4444. The mixture of claim 4429, wherein lessuhan about 5% of the condensable 
hydrocarbons have carbon numbers greater than i5. 

4445. The mixture of claim 4429, wherein the conaensable hydrocarbons comprise 
olefins, wherein greater than about about 0.001 % b A weight of the condensable 
hydrocarbons comprise olefins, and wherein less thanW)Out 15% by weight of the 
condensable hydrocarbons comprise olefins. \ 



907 



Conley, Rose & Tayon, P.C. 



4446. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater than about about 0.001 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than about 10% by weight of the 
condensable hVdrocarbons comprise olefins. 

4447. The mixtuke of claim 4429, wherein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4448. The mixture of claim 4 429, wherein the condensable hydrocarbons further 
comprise nitrogen conteilimg compouhds. 

4449. A method of treating ^hydrocarbon containing formation in situ comprising 
providing heat from tKreTTTrlncffe heat sources to at least a portion of the formation, 
wherein three or more of the hekftsources ar^ located in the formation in a unit of heat 
sources, and wherein the unit of ftqat sources comprises a triangular pattern. 

4450. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the unks, and wherein the plurality of units are repeated 
over an area of the formation to form a repetitive pattern of units. 

445 1 . The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. \ 

4452. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
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production wells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells comprises a triangular pattern. 

4453. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a nlurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
injection wells are located within an area defined by the plurality of units, wherein the 
three or more injection wells are located in the formation in a unit of injection wells, and 
wherein the unit of injection wells comprises a triangular pattern. 

4454. The method of claim4+*97^4i§rcin three or more of the heat sources are located 
in the formation in plurality onthe units/^herein the plurality of units are repeated over 
an area of the formation to form ^repetitive pattern of units, wherein three or more 
production wells aim^hiee^oSG 1 ^ 11 ] 60 ^ 011 weMs are located within an area defined by 
the plurality of units, wherein the tmree or more production wells are located in the 
formation in a unit of production welfls, wherein the unit of production wells comprises a 
first triangular pattern, wherein the threkor more injection wells are located in the 
formation in a unit of injection wells, wherein the unit of injection wells comprises a 
second triangular pattern, and wherein the first triangular pattern is substantially different 
than the second triangular pattern. \ 

4455. The method of claim 4449, wherein tWee or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
monitoring wells are located within an area defined by the plurality of units, wherein the 
three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattern. 

4456. The method of claim 4449, wherein a production well is located in an area 
defined by the unit of heat sources. \ 
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4457. The method of claim 4449, wherein three or more of the heat sources are located 
in the formationan a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted with respect to the second unit. 

4458. The method of claim 4449, wherein a distance between each of the heat sources in 
the unit of heat sources varies by less than about 20 %. 

4459. The method of clarni 4449, wherein a distance between each of the heat sources in 
the unit of heat sources is approximately equal. 

4460. The method of cldpa^W^T^vherein providing heat from three or more heat 
sources comprises sul^antially upfonnty providing heat to at least the portion of the 
formation. 



4461 . The method of claim 4449(, wherein tf^e heated portion comprises a substantially 
uniform temperature distribution. 

4462. The method of claim 4449, wherein the heated portion comprises a substantially 
uniform temperature distribution, and wherein a difference between a highest temperature 
in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. 

4463. The method of claim 4449, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a cente\ of the triangular pattern are 
approximately equal 

4464. The method of claim 4449, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of me triangular pattern increase 
substantially linearly after an initial period of time, and\wherein the initial period of time 
comprises less than approximately 3 months. 
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4465. The method of claim 4449, wherein a time required to increase an average 
temperature oMie heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 
of the heated portrbn to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a spaceybetween each of the heat sources in the triangular pattern is 
approximately equal ro a space between each of the heat sources in the hexagonal pattern. 

4466. The method of claim 4449, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the neated portion to the selected temperature with a hexagonal 
pattern of heat sources, and \^j^prr^SRace between each of the heat sources in the 
triangular pattern is appro^matelyyequal t^a space between each of the heat sources in 
the hexagonal pattern. \. \ \ 

4467. The method of claim 4449, wh&ein a time required to increase a temperature at a 
coldest point within the heated portion t& a selected temperature with the triangular 
pattern of heat sources is substantially les^than a time required to increase a temperature 
at the coldest point within the heated portiok to the Wlected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to the number of heat sources per unit are in the hexagonal 
pattern of heat sources. \ 

4468. The method of claim 4449, wherein a timeVequired to increase a temperature at a 
coldest point within the heated portion to a selectedVemperature with the triangular 
pattern of heat sources is substantially equal to a timd required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than a sp^ce between each of the heat 
sources in the hexagonal pattern. \ 
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4469. The method of claim 4449, wherein providing heat from three or more heat 
sources to at Beast the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from three 
or more of the heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein heat from three or more of the heat sources pyrolyzes at least some hydrocarbons 
within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p\ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation hylk^nsity, and wherein the heating rate is less than about 
10°C/day. f \ \ 

4470. The method of cia&rr444*^herdn three or more of the heat sources comprise 
electrical heaters. u \ 

4471. The method of claim 4449, wherein three or more of the heat sources comprise 
surface burners. \ 

4472. The method of claim 4449, wherem three or more of the heat sources comprise 
flameless distributed combustors. \ 

4473. The method of claim 4449, wherein tlAee or more of the heat sources comprise 
natural distributed combustors. \ 

4474. The method of claim 4449, further comprising: 

allowing the heat to transfer from three or more of me heat sources to a selected section 
of the formation such that heat from three or more oMie heat sources pyrolyzes at least 
some hydrocarbons within the selected section of the formation; and 
producing a mixture of fluids from the formation. \ 
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4475. The memod of claim 4474, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 

4476. The method of claim 4474, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1.0° C per day during 
pyrolysis. \ 

4477. The method of claim ^474^wherein allowing the heat to transfer from three or 
more of the heat source^theVelecte^ection comprises transferring heat substantially 
by conduction. / \ \ 

4478. The method of claim 4474, wherein providing heat from three or more of the heat 
sources to at least the portion of the iormation comprises heating the selected section 
such that a thermal conductivity of at lekst a portion of the selected section is greater than 
about 0.5 W/m°C. \^ \ 

4479. The method of claim 4474, wherein the produced mixture comprises an API 
gravity of at least 25°. \ 

4480. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. \ 

448 1 . The method of claim 22, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratioyof ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4482. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4483. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable^ hydrocarbons is oxygen. 

4484. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lefcs than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

4485. The method of clair^474\wherein tnK produced mixture comprises condensable 
hydrocarbons, wherein about 5 % bV weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen^ontauiing compounds, and wherein the oxygen 
containing compounds comprise phenolfe. \ 

4486. The method of claim 4474, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. \ 

4487. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %\by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4488. The method of claim 4474, wherein the prdduced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by Weight of the condensable 
hydrocarbons are asphaltenes. \ 
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4489. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4490. The method of claim 4474, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen isVreater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. \ 

4491 . The method of claim 44V4, wherein the produced mixture comprises ammonia, 
and wherein greater than abptfft)k)5 < }^b%weight of the produced mixture is ammonia. 

4492. The method of ilaim 4474, wherein the produced mixture comprises ammonia, 
and wherein the ammonia*S4ised to produce fertilizer. 

4493. The method of claim 4474, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, w lerein a partial pressure of H2 within 
the mixture is greater than about 2.0 bar ao&olute. 

4494. The method of claim 4474, further compris ng altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. \ 

4495. The method of claim 4474, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mlfCTure into the formation. 

hydrogenate hydrocarbons 
fdrogenation. 



4496. The method of claim 4474, further comprisir 
providing hydrogen (H2) to the heated sectior 

within the section; and 

heating a portion of the section with heat from ] 



915 



Conley, Rose & Tayon, P C. 



4497. The method of claim 4474, further comprising: 
producing hydrogen from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

4498. The method oAclaim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources* to the selected section of the formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4499. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to tire selected section of the formation comprises substantially 
uniformly increasing a permeability of atnajority of the selected section. 

4500. The method of claim 4474 further comprising controlling the heat from three of 
more heat sources to yield greater man about 60\% by weight of condensable 
hydrocarbons, as measured by^Ehe-Fipehpr Assay \ 



450 1 . The method of claim 4474, wh< 
the mixture in a production well, and wl\ereirK&t le; 
the formation for each production well. 



eft^produding the mixture comprises producing 
st about 7 heat sources are disposed in 



4502. The method of claim 4474, further opmprisihg providing heat from three or more 



heat sources to at least a portion of the formation, w 
sources are located in the formation in a unit ^f heal 
sources comprises a triangular pattern. 



herein three or more of the heat 
sources, and wherein the unit of heat 



4503. The method of claim 4474, further compiling providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of th\ibrmation to form a repetitive pattern of units. 

4504. A method for ia situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: \ 

heating a section of the formation to a temperature sufficient to allow synthesis 
gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an urmeated section of the formation when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fluid to the section to generate synthesis gas; 
and \ 

removing synthesis gas from the formation. 

4505. The method of claim 4504, Wherein the permeability of the section is greater than 
about 100 millidarcy when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved. \ 

4506. The method of claim 450^wherein the temperature sufficient to allow synthesis 
gas generation ranges from approxilnately^U^C to approximately 1200 °C. 

4507. The method of claim 4504, further coMtoising heating the section when providing 
the synthesis gas generating fluid to inhibit teiWratae decrease in the section due to 
synthesis gas generation. \ 

4508. The method of claim 4504, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, whereto the temperature within the section is 
above a temperature sufficient to support oxidation bf carbon within the section with the 
oxidizing fluid, and reacting the oxidizing fluid with\carbon in the section to generate 
heat within the section. \ 

4509. The method of claim 4508, wherein the oxidizirig fluid comprises air. 
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4510. The method of claim 4509, wherein an amount of the oxidizing fluid convected 
into the section\s configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperamre below a temperature sufficient to produce oxides of nitrogen 
compounds. \ 

45 1 1 . The method ok claim 4504, wherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacent to wellbores within the formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 

45 12. The method of claim 4504, wherein heating the section comprises heating the 
section by transfer of heat frqm one or more of electrical heaters. 

45 1 3. The method of clajrfi^sW, whereik heating the section to a temperature sufficient 
to allow synthesis gas grfneration\and providing a synthesis gas generating fluid to the 
section comprises introduc^ing-steam into the section to heat the formation and to generate 
synthesis gas. \\ 

4514. The method of claim 4504, further comprising controlling the heating of the 
section and provision of the synthesis gas generating fluid to maintain a temperature 
within the section above the temperature Sufficient to generate synthesis gas. 

45 1 5. The method of claim 4504, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of the section and Provision of the synthesis gas generating 
fluid to maintain the composition of the produced synthesis gas within a selected range. 

45 1 6. The method of claim 45 1 5, wherein the selected range comprises a ratio of H 2 to 
CO of about 2:1. \ 
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4517. NThe method of claim 4504, wherein the synthesis gas generating fluid comprises 
liquid water. 

45 18. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
steam. \ 

4519. The methodW claim 4504, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, and wherein the carbon dioxide inhibits production of carbon 
dioxide from carbon containing material within the section. 

4520. The method of claim 45 19ywherein a portion of the carbon dioxide within the 
synthesis gas generating flui^^fnSseatarbon dioxide removed from the formation. 

4521 . The method of clmm 45^L^erein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a porftoW of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4522. The method of claim 4521, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

oviding the synthesis gas generating fluid 
af the formation to allow water to flow into 

4524. The method of claim 4504, wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein aW>rtion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. \ 



4523. The method of claim 4504, wherein ] 
to the section comprises raising a water table 
the section. 
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4525. The method of claim 4524, wherein the substantially constant temperature is 
about 700 °C, and wherein the selected composition has a H2 to CO ratio of about 2: 1 . 

4526. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within the section to increase a H2 
concentration of theNgenerated synthesis gas. 

4527. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbon^ react within the section to increase an energy content of the 
synthesis gas removed from\he formation. 

4528. The method of clait«r^5l04 5 further comprising maintaining a pressure within the 
formation during synthesis gas geperatior^, and passing produced synthesis gas through a 
turbine to generate el 

4529. The method of claim 4504, N f^ther comprising generating electricity from the 
synthesis gas using a fuel cell. 

4530. The method of claim 4504, furthe^ comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbo^ dioxide within a spent section of the 
formation. 

453 1 . The method of claim 4504, further comprising using a portion of the synthesis gas 
as a combustion fuel to heat the formation. 



4532. The method of claim 4504, further comprising converting at least a portion of the 
30 produced synthesis gas to condensable hydrocarbon!^ using a Fischer-Tropsch synthesis 
process. 
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4533. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4534. The methodW claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4535. The method of claim 4504, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4536. The method of claimVl504, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulajvpattem*^ 

4537. The method of clWn 4504,rarther comprising providing heat from three or more 
heat sources to at least a portion oflthe formation, wherein three or more of the heat 
sources are located in the formationin a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, akd wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4538. A method of treating a hydrocarbon Containing formation in situ, comprising: 
providing heat from one or more heat Sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to substantially 
uniformly increase a permeability of the portion and to increase a temperature of the 
portion to a temperature sufficient to allow synthesis gas generation; 

providing a synthesis gas generating fluid taat least the portion of the selected 
section, wherein the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the formation; and \ 
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producing synthesis gas from the formation. 

4539. The method of claim 4538, wherein the temperature sufficient to allow synthesis 
gas generation rfc within a range from about 400 °C to about 1200 °C. 

4540. The method of claim 453 8, further comprising using a second portion of the 
separated carbon dioxide as a flooding agent to produce hydrocarbon bed methane from a 
hydrocarbon containir^g formation. 

4541 . The method of claim 4540, wherein the hydrocarbon containing formation is a 
deep hydrocarbon containing formation over 760 m below ground surface. 

4542. The method of claim ASAQ^wherein the hydrocarbon containing formation 
adsorbs some of the carton dioxide tossequester the carbon dioxide. 

4543. The method ofcfeim-45^X\ further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 

4544. The method of claim 4538, wMe£ein\the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synmesis gas. 

4545. The method of claim 4538, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. \ 

4546. The method of claim 4538, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. \ 
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4547. The method of claim 4538, further comprising generating electricity from the 
synthesis gas usingya fuel cell. 

4548. The method oftclaim 4538, further comprising generating electricity from the 
synthesis gas using a futel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. \ 

4549. The method of claim 4538, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. 

4550. The method of claim 455^furtli^omprising converting at least a portion of the 
produced synthesis gas toxondensable hydrocarbons using a Fischer-Tropsch synthesis 
process. I \ 1 

455 1 . The method of claim 4538, rartW comprising converting at least a portion of the 
produced synthesis gas to methanol. \ \ 

4552. The method of claim 4538, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. \ 

4553. The method of claim 4538, further contprising converting at least a portion of the 
synthesis gas to methane using a catalytic methWtion process. 

4554. The method of claim 4538, wherein a temAerature of the one or more heat sources 
wellbore is maintained at a temperature of less thaAapproximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 



923 



Conley, Rose & Tayon, P.C. 



4555. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 

4556. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained ana temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to ^carbon monoxide of approximately 2. 

4557. The method of claim 4538, wherein a heat source of the one or more of heat 
sources comprises an electricaMieater. 

4558. The method of claim 453 81 wherein a heat source of the one or more heat sources 
comprises a natural distributor hearer. 

4559. The method of claim 453^wfterc^ a heat source of the one or more heat sources 
comprises a flameless distributor conftJastor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDcWater through a conduit positioned within the 
wellbore. \ — 

4560. The method of claim 4538, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

4561 . The method of claim 4538, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heaAsources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein aWurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4562. A method of in situ synthesis gas production, comprising: 
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providing heat from one or more flameless distributed combustor heaters to at 
least a first portion of a carbon containing formation; 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
section to a temperature, sufficient to generate synthesis gas; 

introducing a symjiesis gas producing fluid into the selected section to generate 
synthesis gas; and 

removing synthesis kas from the formation. 

4563. The method o£eiaim 4562, wherein throne or more heaters comprise at least two 
heaters, and wherein superposition of heat from arsleast the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 



4564. The method of claim 4562, farther comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 



4565. The method of claim 4562, further comprising producing pyrolyzation products 
from the formation when raising the temperature of the selected section to the 
temperature sufficient to generate synthesisWas. 

4566. The method of claim 4562, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 
portion of the formation. 



4567. The method of claim 4562, further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater tyian an amount of carbon dioxide 
within the removed synthesis gas. 
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4568. The metWpd of claim 4562, further comprising separating a portion of H2 from the 
removed synthesi^gas; and using a portion of the separated H2 as fuel for the one or more 
heaters. 

5 

4569. The method of claim 4568, further comprising using a portion of exhaust products 
from one or more heaters as a portion of the synthesis gas producing fluid 

4570. The method of claim 4562, further comprising using a portion of the removed 
10 synthesis gas with a fuel cellto generate electricity. 

^ 4571 . The method of claim 45Tf07wR&i?ein the fuel cell produces steam, and wherein a 

k O portion of the steam is used as a portion of the synthesis gas producing fluid. 

03 

:1 5 15 4572. The method orclaim 4570, wherein the fuel cell produces carbon dioxide, and 
IS wherein a portion of the c^h^n dioxiue is introduced into the formation to react with 

carbon within the formation to produc^ carbon monoxide. 

M 

sis 

}ij 4573. The method of claim 4570, wher&n the fuel ce 11 produces carbon dioxide, and 

j J 20 storing an amount of carbon dioxide withm\ spent portion of the formation equal or 
M greater to an amount of the carbon dioxide produced by the fuel cell. 

4574. The method of claim 4562, further comprising using a portion of the removed 
synthesis gas as a feed product for formation qf hydrocarbons. 

25 

4575. The method of claim 4562, wherein the Synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5\ and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 within the generated synthesis gas. 

30 4576. The method of claim 4562, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located \ 
sources comprises a 



the formation in a unit of heat sources, and wherein the unit of heat 
iangular pattern. 



4577. The method of cJaim 4562, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the Yormation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4578. A method of treating awydrocabbon containing formation, comprising: 
heating a portiorr of the Formation Vith one or more electrical heaters to a 

temperature sufficient tb pyrolyze hydrocarbons within the portion; 
producing pyroly^tion fluid from the formation; 
separating a fuel cell feed^weaia-^dm me pyrolyzation fluid; and 
directing the fuel cell feed stream to a fuel cell to produce electricity; 

4579. The method of claim 4578, wherein the fuel cell is a molten carbonate fuel cell. 

4580. The method of claim 4578, wherein the fuel cell is a solid oxide fuel cell. 

4581 . The method of claim 4578, furthen comprising using a portion of the produced 
electricity to power the electrical heaters. \ 

4582. The method of claim 4578, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 



4583. The method of claim 4578, wherein the miel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 5. 
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4584. The method of claim 4578, wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less than 3. 

4585. The method of claim 4578, further comprising hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4586. The method of claim 4578, wherein the hydrogenation is done in situ by directing 
the H2 into the formation) 

4587. The method of claimY578 JL wherein the hydrogenation is done in a surface unit. 

4588. The method ofclaim 45tf8, further (comprising directing hydrocarbon fluid having 
carbon numbers lessfthan 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocaH^Qns to prd^ucp4l2 5 zpd producing a portion of the hydrogen from 
the formation. 

4589. The method of claim 4588, furthe^comprising directing an oxidizing fluid 
adjacent to at least the one of the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4590. The method of claim 4578, further\;omprising storing C0 2 from the fuel cell 
within the formation. 

4591 . The method of claim 4590, wherein tl\e C0 2 is adsorbed to carbon material within 
a spent portion of the formation. 

4592. The method of claim 4578, further com{\rising cooling the portion to form a spent 
portion of formation. 

4593. The method of claim 4592, wherein cooliik the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 
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4594. The method of claim 4593, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4595. The methodW claim 4593, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

4596. The method of claim 4578, further comprising: 

heating the portion to a temperature sufficient to support generation of synthesis 
gas after production of the pyrolyzation fluids; 

introducing a syntheWgas-ptQducing fluid into the portion to generate synthesis 
gas; and / \ \^ 

removing a portion of me synthesis gas from the formation. 

4597. The method of claim 459& Wther comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas trapugh a turbine. 

4598. The method of claim 4596, further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. \ 

4599. The method of claim 4596, further comprising producing steam from operation of 
the fuel cell, and using the steam as part of the synthesis gas producing fluid. 

4600. The method of claim 4596, further cotfmrising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 

4601 . The method of claim 4596, further comprising using a portion of the synthesis gas 
to produce hydrocarbon product. \ 
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4602. The methofl of claim 4596, further comprising cooling the portion to form a spent 
portion of formation. 

4603. The method o\ claim 4602, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

4604. The method of claim 4603, further comprising using a portion of the removed 
steam to heat a second ponion of the formation. 

4605. The method of claim 4603, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

4606. The method of claim 4578<f^theThomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fcWatiofi irfe unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4607. The method of claim 4578, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a\unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, arid wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4608. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: \ 

providing heat from one or more heat sources to at least a portion of the 
formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selecteu section of the formation; 

producing pyrolysis products from the formation; 
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heating at leas* a portion of the selected section to a temperature sufficient to 
generate synthesis gas;\ 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 

4609. The method of claim\4608, wherein the one or more heat sources comprise at 
least two heat sources, and wmerein superposition of heat from at least the two heat 
sources pyrolyzes at least som\ hydrocarbons within the selected section of the 
formation. 



46 1 0. The method of claim 4608\ furthgr^Gemprising allowing the heat to transfer from 
the one or more heat sources to tMeWlected fiction to substantially uniformly increase a 
permeability of the selected seoiion. 



461 1. The method of claim 4608, further comprising controlling heat transfer from the 
one or more heat sources to produce a p^en^eability within the selected section of greater 
than about 100 millidarcy. 

4612. The method of claim 4608, furthencomprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4613. The method of claim 4608, wherein tne temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



4614. The method of claim 4608, wherein heamng at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 



931 



Conley, Rose & Tayon, P.C. 



zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material witkin the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

4615. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizW fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially be convection into the portion of the 
selected section, wherein the^porGorTTaf the selected section is at a temperature sufficient 
to support an oxidizationreaction withtnfe oxidizing fluid; and 

reacting the ox(dizing fluW^withinlthe portion of the selected section to generate 
heat and raise the temperature of me portion. 

4616. The method of claim 4608, whereifcrthe one or more heat sources comprise one or 
more electrical heaters disposed in tfte formation. 

4617. The method of claim 4608, wherein one or more heat sources comprise one or 
more heater wells, wherein at least onaheater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. \ 

4618. The method of claim 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. \ 

uprising controlling the heating of at least 
>f the synthesis gas generating fluid to 



4619. The method of claim 4608, further coir 
the portion of selected section and provision 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient™ generate synthesis gas. 



4620. The method of claim 4608, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heatina of at least the portion of selected section and provision of the 
synthesis gas generating fli^id to maintain the composition of the produced synthesis gas 
within a desired range. 

4621. The method of claim 4^608, wherein the synthesis gas generating fluid comprises 
liquid water. 

4622. The method ofclaim 46(\8, wherein the synthesis gas generating fluid comprises 
steam. 

4623. The method of claim 4608,\yherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the\arbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4624. The method of claim 4623, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4625. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 1 



4626. The method of claim 4625, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises cArbon dioxide removed from the formation. 
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4627. The method of claim 4608, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4628. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4629. The method of claim 4b08, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons havh^grcarbtm^i^bers greater than 4, and wherein at least a 
portion of the hydrocarbons react within a^least the portion of the selected section to 
increase an energy content of theVoduced Synthesis gas. 

4630. The method of claim 4608,frurther comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. Vv 

463 1 . The method of claim 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell. \ 

4632. The method of claim 4608, furtheAcomprising generating electricity from the 
synthesis gas using a fuel cell, separating cjarbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. \ 

Lprising using a portion of the synthesis gas 
;ources. 



4633. The method of claim 4608, further coi 
as a combustion fuel for the one or more heat i 
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4634. The methoAof claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. \ 

4635. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4636. The method of claimWo8, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4637. The method of claim 46Q& further comprising converting at least a portion of the 
synthesis gas to methane usifig a catalytic methanation process. 

4638. The method of i^^A^^^rihtr comprising providing heat from three or more 
heat sources to at least a portion orme formation, wherein three or more of the heat 
sources are located in the formation i\a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patternA \ 

4639. The method of claim 4608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and Wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4640. A method for in situ production of synttiesis gas from a hydrocarbon containing 
formation, comprising: \ 

heating a first portion of the formation to pyrolyze some hydrocarbons within the 
first portion; \ 

allowing the heat to transfer from one or more heat sources to a selected section 
of the formation, \ 

pyrolyzing hydrocarbons within the selected section; 



935 



Conley, Rose & Tayon, P.C. 



producing fluid from the first portion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of the formation to a temperature sufficient to allow 
synthesis gas generation; 

introducing ameast a portion of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 

4641 . The method of claim 4640, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4642. The method of claim 4040, further comprising separating ammonia within the 
aqueous phase from the aqtfeousWiase pri^r to introduction of at least the portion of the 
aqueous fluid to the sejcond section. 



4643. The method of claim 4640, ^herein a 
formation is substantially uniform artel greater 



permeability of the second portion of the 
than about 100 millidarcy when the 



temperature sufficient to allow synthesis gas generation is achieved. 

4644. The method of claim 4640, further comprising heating the second portion of the 
formation during introduction of at least me portion of the aqueous fluid to the second 
section to inhibit temperature decrease in rjie second section due to synthesis gas 
generation. 



4645. The method of claim 4640, wherein heating the second portion of the formation 
comprises converting an oxidizing fluid into aportion of the second portion that is above 
a temperature sufficient to support oxidation oft carbon within the portion with the 
oxidizing fluid, and reacting the oxidizing fluid ^vith carbon in the portion to generate 
heat within the portion. 
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4646. The method of claim 4640, wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the reaction zones to generate heat, and transferring 
the heat to the second portion. 

4647. The method of claim 4640, wherein heating the second portion of the formation 
comprises heating the second section by transfer of heat from one or more electrical 
heaters. 
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4648. The method of claim¥l640, wherein heating the second portion of the formation 
comprises heating the second section with a flameless distributor combustor. 



4649. The method 
comprises injecting 



of cl^krf46A0, wherein heating the second portion of the formation 
£am into at^least the portion of the formation. 



4650. The method of cIStnHl^O^lierein ajl least a portion of the aqueous fluid 
comprises a liquid phase. 

465 1 . The method of claim 4640, wharein the aqueous fluid comprises a vapor phase. 

4652. The method of claim 4640, further comprising adding carbon dioxide to at least 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formation. 



25 4653. The method of claim 4652, wherein a\portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 



30 



4654. The method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the Aqueous fluid to increase a H2 
concentration within the produced synthesis gas. 
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4655. VThe method of claim 4640, further comprising adding hydrocarbons with carbon 
numbersSless than 5 to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas, wherein the hydrocarbons are obtained 
from the produced fluid, 

4656. The metnfod of claim 4640, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas. \ 

4657. The method of claim 4640, further comprising adding hydrocarbons greater than 4 
to at least the portion of the\aqueous fluid to increase energy content of the produced 
synthesis gas, wherein the hydpcJESbons are obtained from the produced fluid. 

4658. The method of claim 46^,4urther comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. \\ 

4659. The method of claim 4640, further comprising generating electricity from the 
synthesis gas using a fuel cell. \ 

4660. The method of claim 4640, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. \ 

466 1 . The method of claim 4640, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4662. The method of claim 4640, further comprising Vonverting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. \ 
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4663. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4664. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4665. The method of claim 4640, further comprising converting at least a portion of the 
synthesis gas to methahe using a catalytic methanation process. 

4666. The method of clgdn^4640, further comprising providing heat from three or more 
heat sources to aj>t€ast a portion orfche formation, wherein three or more of the heat 
sources are located in the foianation ima unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 



4667. The method of claim 4b40, further comprising providing heat from three or more 
heat sources to at least a portion eif the formation, wherein three or more of the heat 
sources are located in the formation lh^i unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4668. A method for in situ production of synthesis gas from a carbon containing 
formation, comprising: \ 

heating a portion of the formation With one or more heat sources to create 
increased and substantially uniform permeability within a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; \ 

providing a synthesis gas generating flfod into the portion through at least one 
injection wellbore to generate synthesis gas frolai hydrocarbons and the synthesis gas 
generating fluid; and \ 
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producing synthesis gas from at least one heat source wellbore in which is 
positioned proxunate to a heat source of the one or more heat sources. 

4669. The method of claim 4668, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 

4670. The method of claim 4668, wherein creating a substantially uniform permeability 
comprises heating the portion to a temperature within a range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per dayVluring pyrolyzation and removing a portion of pyrolyzed 
fluid from the formation. \ 

4671 . The method o^claim 4668, furthe\ comprising removing fluid from the formation 
through at least the one injection wellbore prior to heating the selected section to the 
temperature sufficiemsto allow synthesis gas generation. 

4672. The method of claim 4668, wWerein the injection wellbore comprises a wellbore 
of a heat source in which is positioners heat source of the one or more heat sources. 

4673. The method of claim 4668, furtheA comprising heating the selected portion during 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 

4674. The method of claim 4668, further comprising providing a portion of the heat 
needed to raise the temperature sufficient to allaw synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons and generate heat. \ 

4675. The method of claim 4668, further comprising controlling the heating of the 
selected section and provision of the synthesis gas generating fluid to maintain a 
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temperature within the selected section above the temperature sufficient to generate 
synthesis gas.\ 



4676. The method of claim 4668, further comprising: 
monitoring a composition of the produced synthesis gas; and 
controlling heating of the selected section and provision of the synthesis gas 

generating fluid to maintain the composition of the produced synthesis gas within a 
desired range. 

4677. The method of claii^ 4668, wherein the synthesis gas generating fluid comprises 
liquid water. 

4678. The meth^ of claim 46^8, wh^ein the synthesis gas generating fluid comprises 
steam. 



4679. The method of claTm~4558,/wherein the synthesis gas generating fluid comprises 
steam to heat the selected section ana to generate synthesis gas. 

4680. The method of claim 4668, wh&ein tlje synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the c^f bon dioxide inhibits production of carbon 
dioxide from the selected section. 

4681 . The method of claim 4680, wherein \ portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4682. The method of claim 4668, wherein the Wnthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4683. The method of claim 4682, wherein a portio)|j of the carbon dioxide comprises 
carbon dioxide removed from the formation. 
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4684. TWe method of claim 4668, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water table of the formation to allow water to 
enter the selected section. 

4685. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H 2 concentration within the produced synthesis gas. 

4686. The method of)?Knn^6^8>swherein the synthesis gas generating fluid comprises 
water and hydrocarbons havmg carbok numbers greater than 4, and wherein at least a 
portion of the hyarocarbons react withimthe selected section to increase an energy 
content of the produced synthesis, gas. \ 

4687. The method of claim 4^68,Viirther comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. Y\ 

4688. The method of claim 4668, furtheV comprising generating electricity from the 
synthesis gas using a fuel cell. \ 

4689. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon diqxide within a spent portion of the 
formation. \ 

4690. The method of claim 4668, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formation. \ 
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4691. TheVnethod of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. \ 

4692. The methockof claim 4668, further comprising converting at least a portion of the 
produced synthesis gks to methanol. 

4693. The method of clVim 4668, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4694. The method of claifrf^SS^fi^ther comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4695. The method of clai^4668jivhereiAa temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H 2 «a carbon Monoxide of greater than about 2. 

4696. The method of claim 4668, wherem a temperature of at least the one heat source 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carboA monoxide of less than about 2. 

4697. The method of claim 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carbon monoxide of approximately 2. 

4698. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises an electrical heater. \ 

4699. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. \ 
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4700. Thet method of claim 4668, wherein a heat source of the one or more heat sources 
comprises aVlameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. \ 

4701 . The method of claim 4668, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located inVhe formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4702. The method^f claim 4&*8, further comprising providing heat from three or more 
heat sources to at /least a portion orthe formation, wherein three or more of the heat 
sources are located in the formation ir^a unit of heat sources, wherein the unit of heat 
sources comprises a ^lariguterWtern, and wherein a plurality of the units are repeated 
over an area of the formation t<p Iform a repetitive pattern of units. 

4703. A method of treating a hychbcarbon Containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the hekt from the one or more heat sources pyrolyzes at 
least a portion of the carbon containing material within the selected section of the 
formation; \ 

producing pyrolysis products from tire formation; 

heating a first portion of a formation writh one or more heat sources to a 
temperature sufficient to allow generation of synthesis gas; 

providing a first synthesis gas generatin^fluid to the first portion to generate a 
first synthesis gas; \ 

removing a portion of the first synthesis gaafrom the formation; 
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heating a second portion of a formation with one more heat sources to a 
temperature sufficient to allow generation of synthesis gas having a H2 to CO ratio 
greater than a Hb to CO ratio of the first synthesis gas; 

providing second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis gas from the formation; and 

blending a portion of the first synthesis gas with a portion of the second synthesis 
gas to produce a blended synthesis gas having a selected H2 to CO ratio. 

4704. The method of claim 4703, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least s*WKFftydrocarbons within the selected section of the 
formation. / \ \ 

4705. The method of blaim 470 A wherern the first synthesis gas generating fluid and 
second synthesis gas genefatk^jhAd^re thet same component. 

4706. The method of claim 4703, further comprising controlling the temperature in the 
first portion to control a composition M the first synthesis gas. 

4707. The method of claim 4703, furtheft comprising controlling the temperature in the 
second portion to control a composition ofthe second synthesis gas. 

4708. The method of claim 4703, wherein the selected ratio is controlled to be 
approximately 2:1 H2 to CO. \ 

4709. The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 F^tovCO. 

4710. The method of claim 4703, wherein the selected ratio is controlled to be 
approximately 3 : 1 H2 to CO. \ 
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471 1 . Thet method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 F^to CO. 

4712. The merhod of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. 

4713. The method onclaim 4712, wherein the condensable hydrocarbon synthesis 
process comprises a Fisfcher-Tropsch process. 

4714. The method of claim>l^1*5> s toher comprising cracking at least a portion of the 
condensable hydrocarbojre to form middle distillates. 

4715. The method of ci^im^4W3, further comprising providing at least a portion of the 
produced blended synthesis gas to a cataWtic methanation process to produce methane. 

4716. The method of claim 470§, rurther comprising providing at least a portion of the 
produced blended synthesis gas to a methanpl-synthesis process to produce methanol. 

47 1 7. The method of claim 4703 , further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

4718. The method of claim 4703, whereimremoving a portion of the second synthesis 
gas comprises withdrawing second synthesiagas through a production well, wherein a 
temperature of the production well adjacent ta a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H2 to CO ratio greater the first synthesis gas. 

4719. The method of claim 4703, wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperature of the First portion is at a temperature that 
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will result in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. 



4720. The methoid of claim 4703, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the Wdrocarbons react within the formation to increase a H 2 
concentration within tHe produced second synthesis gas. 

472 1 . The method of claim 4703 , wherein blending a portion of the first synthesis gas 
with a portion of the second synthesis gas comprises producing an intermediate mixture 
having a H 2 to CO mixtup^oFIes^than the selected ratio, and subjecting the intermediate 
mixture to a shift reaction to reduce an s ^mount of CO and increase an amount of H2 to 
produce the selected ratio of F^uo CO. 



4722. The method ot 



4703\ further comprising removing an excess of first 



synthesis gas from the first portion 16 have an 



xcess of CO, subjecting the first synthesis 



gas to a shift reaction to reduce an amount of CO and increase an amount of H 2 before 



blending the first synthesis gas with tne second 



synthesis gas. 



4723 . The method of claim 4703 , furthW comprising removing the first synthesis gas 
from the formation under pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 



4724. The method of claim 4703, further cdmprising removing the second synthesis gas 
from the formation under pressure, and passing removed second synthesis gas through a 
turbine to generate electricity. 



4725. The method of claim 4703, further composing generating electricity from the 
blended synthesis gas using a fuel cell. 
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4726. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent portion of 
the formation. 

4727. The method of Olaim 4703, further comprising using at least a portion of the 
blended synthesis gas as a combustion fuel for heating the formation. 

4728. The method of claiiA4703, further comprising allowing the heat to transfer from 
the one or more heat sources \o the se lected section to substantially uniformly increase a 
permeability of the selecjecfsection. 

4729. The method pf claim 4703\further comprising controlling heat transfer from the 
one or more heat soufcqes to produce^ a permeability within the selected section of greater 
than about 100 millidarcy. 



4730. The method of claim 4703, furaifer comprising heating at least the portion of the 
selected section when providing the syntheses gas generating fluid to inhibit temperature 



decrease within the selected section durin&symhesis 



gas generation. 



473 1 . The method of claim 4703, wherein the 
gas generation is within a range from approximately 



temperature sufficient to allow synthesis 
400 °C to approximately 1200 °C. 



4732. The method of claim 4703, wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of oneW more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction \f\ carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones sutiktantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4733. The methcM of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones Adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizingVluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing ^idj^eaetwith at least a portion of the carbon- 
containing material within thrones to produce heat in the zones; and 
transferring heat from the ^ones to\he selected\ection. 

4734. The method of claim-4^0Vwnerein heatirm^fee first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially \by convection into the first portion 
of the selected section, wherein the first portion of thle selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 

4735. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially m convection into the second 
portion of the selected section, wherein the second ponion of the selected section is at a 
temperature sufficient to support an oxidization reactioA with the oxidizing fluid; and 
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reacting the oxidizing fluid within the second portion of the selected section to 
generate heat anckraise the temperature of the second portion. 

4736. The method of claim 4703, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4737. The method of craim 4703, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4738. The method of claim V703, wherein the one or more heat sources comprise one or 
more heater wells, wherein at Wst one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. \ 

4739. The method otalaim 4703, W^ein heating tfie first portion of the selected 
section to a temperature sufficient to plow synthesis gas generation and providing a first 
synthesis gas generating fluid to the frrst portion of the selected section comprises 
introducing steam into the first portionAV 

4740. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allowsynthesis gas generation and providing a 
second synthesis gas generating fluid to theWcond portion of the selected section 
comprises introducing steam into the second portion. 

4741 . The method of claim 4703, further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of\the selected section above the 
temperature sufficient to generate synthesis gas. \ 

4742. The method of claim 4703, further comprising controlling the heating of the 
second portion of selected section and provision of tme second synthesis gas generating 
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fluid to maintain a temperature within the second portion of the selected section above 
the temperature sufficient to generate synthesis gas. 

4743. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises liquia water. 

4744. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises liquid water. 

4745. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises steam. \ 

4746. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises steam. " Ss v 

4747. The method of (claim 4703\whe?6in the first synthesis gas generating fluid 
comprises water and carbon dioxidej/wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected seqppn. 

4748. The method of claim 4747, whereih-a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. \ 

second synthesis gas generating fluid 
le carbon dioxide inhibits production of 

4750. The method of claim 4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. * 



4749. The method of claim 4703, wherein th 
comprises water and carbon dioxide, wherein 1 
carbon dioxide from the selected section. 
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475 1 . The method of claim 4703, wherein the first synthesis gas generating fluid 
comprisesvcarbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 



4752. The merhod of claim 475 1 , wherein a portion of the carbon dioxide within the 
first synthesis gas\generating fluid comprises carbon dioxide removed from the 
formation. 

4753. The method of Maim 4703, wherein the second synthesis gas generating fluid 
comprises carbon dioxida and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4754. The method of ckii«-4¥§3^wherein a portion of the carbon dioxide within the 
second synthesis gaygenerating^luid comprises carbon dioxide removed from the 
formation. 



4755. The method of claim 4703/ wherein providing the first synthesis gas generating 
fluid to the first portion of the selectecnsection comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 

4756. The method of claim 4703, wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 

4757. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected td a reaction within the first portion of 
the selected section to increase a H2 concentration within the produced first synthesis gas. 

4758. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
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least a pVtion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H 2 concentration within the produced second 
synthesis gas. 

4759. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises waterVnd hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within the first portion of the selected section to 
increase an energy content of the produced first synthesis gas. 

4760. The method of alaim 4703 , wherein the second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within at least the second portion of the selected 
section to increase an energ^ content of the second produced synthesis gas. 

476 1 . The method of claum 4703, fttrtheAcomprising maintaining a pressure within the 
formation during synthesis gas generation, land passing produced blended synthesis gas 
through a turbine to generate elekncity. \ 

Al 62. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell\ 

4763. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of 
the formation. \ 

4764. The method of claim 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one orpore heat sources. 

Lg using a portion of the first 
re heat sources. 



4765. The method of claim 4703, further comprise 
synthesis gas as a combustion fuel for the one or mc 
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4766. Tlie method of claim 4703, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 

4767. The method of claim 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4768. A method oVtreating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; \ 

allowing the heat\to transfer from the one or more heat sources to a selected 
section of the foim^t«5rfsUd^ heat from the one or more heat sources pyrolyzes at 
least some oftKe hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating aTteast-a-pc^oti of the selected section to a temperature sufficient to 
generate synthesis gas; I \ ' 

controlling a temperaWe of at least a portion of the selected section to generate 
synthesis gas having a selected fJAo CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; ana 

producing a portion of the synthesis gas from the formation. 

4769. The method of claim 4768, wher&in the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

4770. The method of claim 4768, wherein the selected ratio is controlled to be 
approximately 2: 1 H2 to CO. \ 
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4771 \ The method of claim 4768, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H2to CO. 

4772. TheVnethod of claim 4768, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. 

4773. The method of claim 4768, wherein the selected ratio is controlled to range from 
approximately 2.8:\ to approximately 3.2:1 H2to CO. 

4774. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas toa condensable hydrocarbon synthesis process to produce 
condensable hydrocaijjefisV 

4775. The metttod of claim 4x74, wherein the condensable hydrocarbon synthesis 
process comprises'rffeeher^Tpobsch process. 

4776. The method of claim 4nS, mirther comprising cracking at least a portion of the 
condensable hydrocarbons to form noddle distillates. 

4777. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic metnanation process to produce methane. 

iprising providing at least a portion of the 
5 process to produce methanol. 

4779. The method of claim 4768, further composing providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

allowing the heat to transfer from 
substantially uniformly increase a 



4778. The method of claim 4768, further cc 
produced synthesis gas to a methanol-synthe 



4780. The method of claim 4768, further comprising 
the one or more heat sources to the selected section tc 
permeability of the selected section. 
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478 1 . The method of claim 4768, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about M)0 millidarcy. 

4782. The method of claim 4768, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within deselected section during synthesis gas generation. 

4783. The method or\claim 4768, wherein the temperature sufficient to allow synthesis 
gas generation is withinV range from approximately 400 °C to approximately 1200 °C. 

4784. The method of c1^xl4I68, wherein heating at least the portion of the selected 
section to a temperajrfre sufficient to^Uow synthesis gas generation comprises: 

heating zcmes adjacent tso wellborbs of one or more heat sources with heaters 
disposed in the \xellbores, wheremthe heatVrs are configured to raise temperatures of the 
zones to temperatures sufficient lAsupport reaction of carbon-containing material within 
the zones with an oxidizing fluid; \ \ 

introducing the oxidizing^fluid to the z^nes substantially by diffusion; 

allowing the oxidizing fluid toWact with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4785. The method of claim 4768, whereir^eating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. \ 



956 



Conley, Rose & Tayon, PC. 



4786. The method of claim 4768, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4787. The method of claim 4768, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

4788. The methoid of claim 4768, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and funkier comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4789. The method^ clain^\4768, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid t<\at least the\portion of the selected section comprises 
introducing stean^HltOLthe_pc 

4790. The method of claim 4768, farther comprising controlling the heating of at least 
the portion of selected section and pf<wision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4791. The method of claim 4768, wherein \he synthesis gas generating fluid comprises 
liquid water. 

4792. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
steam. 

4793. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxideyinhibits production of carbon 
dioxide from the selected section. 
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4794. Mie method of claim 4793, wherein a portion of the carbon dioxide within the 
synthesis sas generating fluid comprises carbon dioxide removed from the formation. 

4795. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
carbon dioxide\and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4796. The method of claim 4795, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4797. The method of cl^im^47o8xwherein providing the synthesis gas generating fluid 
to at least the portion^of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



4798. The method of claim 476$\ wherem the synthesis gas generating fluid comprises 
water and hydrocarbons having \carqpn numbers less than 5, and wherein at least a 
portion of the hydrocarbons are su&eWd to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4799. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4800. The method of claim 4768, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4801 . The method of claim 4768, further comprising generating electricity from the 
synthesis gas using a fuel cell. 
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4802. The method of claim 4768, further comprising generating electricity from the 
synthesisWs using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. \ 

4803 . The method of claim 4768, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4804. A method ofttreating a hydrocarbon containing formation in situ, comprising: 
providing heaMrom one or more heat sources to at least a portion of the 

formation; \ 

allowing the heajW-tra»§fer from the one or more heat sources to a selected 
section of the form^ion such that t^e heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producir^pyrolysis products from the formation; 

heating at leastaTportifcta of the selected section to a temperature sufficient to 
generate synthesis gas; V \ 

controlling a temperaturfe\in or proximate to a synthesis gas production well to 
generate synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation. 

4805. The method of claim 4804, wherfcin the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

4806. The method of claim 4804, wherein thfc selected ratio is controlled to be 
approximately 2: 1 H2 to CO. \ 
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4807. TheVnethod of claim 4804, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 F^to CO. 

4808. The method of claim 4804, wherein the selected ratio is controlled to be 
approximately 3 : l\H2 to CO. 

4809. The method okclaim 4804, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to CO. 

4810. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesi^aSlcTa c^ndenSal^le hydrocarbon synthesis process to produce 
condensable Wdrocarbons. 

48 1 1 . The metljodof claimJ£lA wherein th^ condensable hydrocarbon synthesis 
process comprises a Fischer-Trppsch process. 

48 1 2. The method of claim 48 1 1 /^Ather comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4813. The method of claim 4804, furthen comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4814. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

4815. The method of claim 4804, further composing providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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48 16. TM method of claim 4804, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4817. The method of claim 4804, further comprising controlling heat transfer from the 
one or more heat \purces to produce a permeability within the selected section of greater 
than about 100 millidarcy. 
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4818. The method of Maim 4804, further comprising heating at least the portion of the 
10 selected section when providing the synthesis gas generating fluid to inhibit temperature 

decrease within the sebete^^ectten during synthesis gas generation. 

48 1 9. The rfiethod of claim ^804, wherein the temperature sufficient to allow synthesis 
gas generation is within a rangeyfrom approximately 400 °C to approximately 1200 °C. 

15 

4820. The method of claim 4^4\wherein heating at least the portion of the selected 
section to a temperature sufficient^ allow synthesis gas generation comprises: 

heating zones adjacent to weHbores of one or more heat sources with heaters 
disposed in the wellbores, wherein theyieaters are configured to raise temperatures of the 
20 zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to reactWith at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
25 transferring heat from the zones to the selected section. 



482 1 . The method of claim 4804, wherein heattng at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an ^xidization reaction with the oxidizing fluid; and 

reacting me oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 

4822. The method oY claim 4804, wherein the one or more heat sources comprise one or 
more electrical heaters ^disposed in the formation. 

4823. The method of claim 4804, wherein the one or more heat sources comprises one 
or more natural distributor dombustors. 

4824. The metluxfof claim 4K04, whkein the one or more heat sources comprise one or 
more heater weflls, wherein at least one heater well comprises a conduit disposed within 
the formation,\and further compiling heatipg the conduit by flowing a hot fluid through 
the conduit. 

4825. The method of claim 4804, Wierein heating at least the portion of the selected 
section to a temperature sufficient toallow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 

4826. The method of claim 4804, furthen comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4827. The method of claim 4804, wherein th^synthesis gas generating fluid comprises 
liquid water. 
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4828. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
steam. \ 

4829. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4830. The method of claim 4829, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

483 1 . The method of clarm 4804, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and whpf-drT^pcjrtion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4832. The method of claim 4^J< wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4833. The method of claim 4804>sWherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4834. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4835. The method of claim 4804, wherein thd synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 
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4836. Theunethod of claim 4804, further comprising maintaining a pressure within the 
formation dwing synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4837. The method of claim 4804, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4838. The method oVclaim 4804, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. \ 

4839. The method of cl^kif^STW^^^ comprising using a portion of the synthesis gas 
as a combustion fuefior the one or mote heat sources. 

4840. A methocbsaf freating aj iffifficarbon containing formation in situ, comprising: 
providing heat from one ©A more hetat sources to at least a portion of the 

formation; V \ \ 

allowing the heat to transfersfrom the one or more heat sources to a selected 
section of the formation such that theuieat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons withinVhe selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; \ 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H2 to CO ratio different than a selected H2 to CO ratio; 

providing a synthesis gas generating\fluid to at least the portion of the selected 
section to generate synthesis gas; and \ 

producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 
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separating at least a portion of the carbon dioxide to obtain a gas having a selected 
H 2 to CO rati\. 



4841 . The method of claim 4840, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

4842. The method of claim 4840, wherein the selected ratio is controlled to be 
approximately 2:1 Ifcto GO. 

4843. The method of claiip^&^Q, wherein the selected ratio is controlled to range from 
approximately 1.8:1 tdz.2:l fc^to OSL 

4844. The methochofclaim 48^KL wherern the selected ratio is controlled to be 
approximately 3:1 H 2 to CO. Y \ 

4845. The method of claim 4840, Wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.2:1 H2toYjD. 

4846. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a condensableuiydrocarbon synthesis process to produce 
condensable hydrocarbons. \ 

4847. The method of claim 4846, wherein tiie condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch processX 

4848. The method of claim 4847, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 
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4849. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4850. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gafe to a methanol-synthesis process to produce methanol. 

485 1 . The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4852. The method of claim 4840, further comprising allowing the heat to transfer from 
the one or more heat sources t<\theselected section to substantially uniformly increase a 
permeability of the selecte^ectton. ] 

4853. The method of M^mr4§4^i^her comprising controlling heat transfer from the 
one or more heat sources to producevi permeability within the selected section of greater 
than about 1 00 millidarcy. \\ 

4854. The method of claim 4840, furthW comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4855. The method of claim 4840, wherein tiie temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4856. The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters ara configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; \ 

introducing the oxidizing fluid to the zones substantially by diffusion; 



966 



Conley, Rose & Tayon, P.C. 



allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heaWrom the zones to the selected section. 

4857. The methodW claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oocidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizingVluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 



4858. The method ofefaim 4840\ wherein the 
more electrical heatert disposed in me formatioh 



3ne or more heat sources comprise one or 



4859. The method of claim 4840, wWerein the one or more heat sources comprises one 
or more natural distributor combustOTsA 

4860. The method of claim 4840, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4861 . The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 



4862. The method of claim 4840, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4863. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
liquid water. 

4864. The method \f claim 4840, wherein the synthesis gas generating fluid comprises 
steam. 

4865. The method of clWi 4840, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide,\vherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



4866. The method of claim^R65, wherein a portion of the carbon dioxide within the 
synthesis gas generating fl/uid comprises carbon dioxide removed from the formation. 



4867. The method of claim 484(0, Wherein tl 
carbon dioxide, and wherein a portion of the 
formation to generate carbon monoxii 



e synthesis gas generating fluid comprises 
carbon dioxide reacts with carbon in the 



4868. The method of claim 4867, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4869. The method of claim 4840, whereinvproviding the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4870. The method of claim 4840, wherein theWnthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers ttess than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 
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4871 . The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4872. The method of claim 4840, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4873. The method of clainmSAQ^rther comprising generating electricity from the 
synthesis gas using a faelcell\ \, 

4874. The methodW claim 4840, further comprising generating electricity from the 
synthesis gas using a fueTcell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. \\ 

Ler comprising using a portion of the synthesis gas 
p heat sources. 

4876. A method of forming a spent portion of formation within a hydrocarbon 
containing formation, comprising: \ 

heating a first portion of the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
cooling the first portion. \ 

ating the first portion comprises 
Ir more electrical heaters. 



4875. The method of claim 4840, 
as a combustion fuel for the one or mor 



4877. The method of claim 4876, wherein h\ 
transferring heat to the first portion from one < 
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4878. Tne method of claim 4876, wherein heating the first portion comprises 
transferringJieat to the first portion from one or more natural distributor combustors. 

4879. The method of claim 4876, wherein heating the first portion comprises 
transferring heatVo the first portion from one or more flameless distributor combustors. 

4880. The methodW claim 4876, wherein heating the first portion comprises 
transferring heat to thfe first portion from heat transfer fluid flowing within one or more 
wellbores within the formation. 

488 L The method of^Iaim 48§THswherein the heat transfer fluid comprises steam. 

4882. The memod of claim 4880, whe\ein the heat transfer fluid comprises combustion 
products from a Burner. \ y \ 

4883. The method of claim 4876\ wherein heating the first portion comprises 
transferring heat to the first pomonWom at least two heater wells positioned within the 
formation, wherein the at least twonbater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the base heater unit is formed of a number of heater wells. 

4884. The method of claim 4883, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 

4885; The method of claim 4883, further comprising removing fluid from the formation 
through one or more production wells. \ 

4886. The method of claim 4885, wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells are positioned substantially at 
centers of base heater units. \ 
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4887. The method of claim 4883, wherein the heater unit comprises three heater wells 
positionectaubstantially at apexes of an equilateral triangle. 

4888. The method of claim 4883, wherein the heater unit comprises four heater wells 
positioned substantially at apexes of a rectangle. 

4889. The methodW claim 4883, wherein the heater unit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

4890. The method of claim 4883, wherein the heater unit comprises six heater wells 
positioned substantially at Vpexes of a regular hexagon. 

4891. The method of ct£im 4876, furtW comprising introducing water to the first 
portion to cool the fcfrmation. \ \ 

4892. The method of claim 487b\further comprising removing steam from the 
formation. I \ 

4893. The method of claim 4892, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4894. The method of claim 4876, furtheAcomprising removing pyrolyzation products 
from the formation. \ 

4895. The method of claim 4876, further comprising generating synthesis gas within the 
portion by introducing a synthesis gas generatmg fluid into the portion, and removing 
synthesis gas from the formation. \ 

4896. The method of claim 4876, further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
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fluid from the second portion, and storing a portion of the removed pyrolyzation fluid 
within the first portion. 

4897. The methofil of claim 4896, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid ar&not able to process the portion of the removed pyrolyzation fluid. 

4898. The method of claim 4896, further comprising heating the first portion to 
facilitate removal of the s\ored pyrolyzation fluid from the first portion. 



4899. The method of clainM£76, further comprising generating synthesis gas within a 
second portion of th^fomatiom, rembving synthesis gas from the second portion, and 
storing a portion pf the removed synthesis gas within the first portion. 



4900. The method of clai5Pt899\ ^Herein 
the second portion are stored withft the first 



the portion of the removed synthesis gas from 
portion when surface facilities that process 



the removed synthesis gas are not a^e to process the portion of the removed synthesis 
gas. 



490 1 . The method of claim 4899, further comprising heating the first portion to 
facilitate removal of the stored synthesisVgas from the first portion. 

4902. The method of claim 4876, furtherteomprising removing at least a portion of 
carbon containing material in the first portibn and, further comprising using at least a 
portion of the carbon containing material removed from the formation in a metallurgical 
application. 



4903 . The method of claim 4902, wherein the\netallurgical application comprises steel 
manufacturing. 
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4904. A meuiod of sequestering carbon dioxide within a hydrocarbon containing 
formation, comprising: 

heating a portion of the formation to increase permeability and form a 
substantially uniform permeability within the portion; 
allowing the portion to cool; and 
storing carbon dioxide within the portion. 

4905. The method oi\claim 4904, wherein the permeability of the portion is increased to 
over 100 millidarcy. 

4906. The method of claim ^QA^fiirther comprising raising a water level within the 
portion to inhibit migration ©f the caro&n dioxide from the portion. 



15 



4907. The method ot^l^wA9M, further comprising heating the portion to release 
carbon dioxide, and removing^arbon dioxide from the portion. 



20 



4908. The method of claim 49(H,\further comprising pyrolyzing hydrocarbons within 
the portion during heating of the potion, and removing pyrolyzation product from the 
formation. 

4909. The method of claim 4904, further comprising producing synthesis gas from the 
portion during the heating of the portiom and removing synthesis gas from the formation. 



4910. The method of claim 4904, wherein heating the portion comprises: 
25 heating carbon containing material adjacent to one or more wellbores to a 

temperature sufficient to support oxidation qf the carbon containing material with an 
oxidizing fluid; 

introducing the oxidizing fluid to carbon containing material adjacent to the one 
or more wellbores to oxidize the hydrocarbonsland produce heat; and 
30 conveying produced heat to the portion. 
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491 1 . The meuiod of claim 4910, wherein heating carbon containing material adjacent 
to the one or more wells comprises electrically heating the carbon containing material. 

49 1 2. The method of claim 49 1 0, wherein the temperature sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 

4913. The method of klaim 4904, wherein heating the portion comprises circulating heat 
transfer fluid through one or more heating wells within the formation. 

4914. The method of claim 491 3, wherein the heat transfer fluid comprises combustion 
products from a burner. — \ 

4915. The method </f claim 49 KJ, wherein the heat transfer fluid comprises steam. 

4916. The method of claim 49M,Vurther comprising removing fluid from the formation 
during heating of the formation ancncombusting a portion of the removed fluid to 
generate heat to heat the formation. \ \ 

4917. The method of claim 4904, further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portion. \ 

4918. The method of claim 4904, further comprising using a portion of the carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 

49 19. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 

4920. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 
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4921. The method of claim 4904, further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water from the formation as steam. 

4922. The methoo of claim 4921, further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. 

4923. The method ofxlaim 4904, wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

4924. The method of claim 4904, wherein storing carbon dioxide comprises passing a 
first fluid stream comprising\the carbon dioxide and other fluid through the portion; 
adsorbing carbon dioxide onta caAoncontaining material within the formation; and 
removing a second fluid stoJmnXfrom the \ormation, wherein a concentration of the other 
fluid in the second fluid stream ia greater fl!hjan concentration of other fluid in the first 
stream due to the absence&ftKeadsorbed carbon dioxide in the second stream. 

4925. The method of claim 4904, wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than aai amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 

4926. The method of claim 4904, furthencomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uninof heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. \ 

4927. The method of claim 4904, further comprising providing heat from three or more 
heat sources to at least a portion of the formationL wherein three or more of the heat 
sources are located in the formation in a unit of haat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4928. A methoaypf in situ sequestration of carbon dioxide within a hydrocarbon 
containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a first portion of the 
formation; 

allowing the h&at to transfer from one or more sources to a selected section of the 
formation such that the neat from the one or more heat sources pyrolyzes at least some of 
the hydrocarbons within uie selected section of the formation; 

producing pyrolyzajion fluids, wherein the pyrolyzation fluids comprise carbon 
dioxide; and 

storing an amount of Carbon dioxide in the formation, wherein the amount of 
stored carbon dioxide is equal \o or greater than an amount of carbon dioxide within the 
pyrolyzation fluids. 

4929. The method of cl^im 4928,\wherein theWie or more heat sources comprise at 
least two heat sources, ancS^herein superposition qf heat from at least the two heat 
sources pyrolyzes at least some hydr^c^oons within^the selected section of the 
formation. 



4930. The method of claim 4928, whereiimie carbom dioxide is stored within a spent 
portion of the formation. * ' 



493 1 . The method of claim 4928, whereima portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 

4932. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using\the carbon dioxide as a flooding agent in 
enhanced oil recovery. 

4933. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using thelparbon dioxide as a synthesis gas 
generating fluid for the generation of synthesis gas from a section of the formation that is 
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heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. 

4934. The method or\elaim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyWion fluids, and using the carbon dioxide to displace 
hydrocarbon bed methane^ 

4935. The method of claimV934, wherein the hydrocarbon bed is a deep hydrocarbon 
bed located over 760 m belowWound surface. 

4936. The method of claim 4934 further comprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon beaL 

4937. The method of claftm 4928, further composing using at least a portion of the 
pyrolyzation fluids as a feed^stream foK a fuel cell\ 

4938. The method of claim 4937, wherein the fuel! cell generates carbon dioxide, and 
further comprising storing an amount oV carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by tnafuel cell/ within the formation. 

4939. The method of claim 4928, wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which condensable hydrocarbons have been produced, and wherein the spent 
portion of the formation is at a temperature at which carbon dioxide adsorbs onto the 
carbon containing material. \ 

ing raising a water level within the 
bride from the portion. 

4941 . The method of claim 4928, wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 



4940. The method of claim 4928, further compnls 
spent portion to inhibit migration of the carbon die 
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4942. The method of claim 4928, wherein producing fluids from the formation 
comprises heating ttte selected section to a temperature sufficient to generate synthesis 
gas; introducing a syikhesis gas generating fluid into the selected section; and removing 
synthesis gas from the formation. 

4943. The method of claim 4942, wherein the temperature sufficient to generate 
synthesis gas ranges from\about 400 °C to about 1200 °C. 

4944. The method of claim 4942, wherein heating the selected section comprises 
introducing an oxidizing fluid into the selected section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4945. The method of clak^4942, wher&ki heating the selected section comprises: 
heating carboiycontainine material adjacent to one or more wellbores to a 

temperature sufficient tosupport oxidation of tne carbon containing material with an 
oxidant; \/ 

introducing the oxidant to aarbon containing material adjacent to the one or more 
wellbores to oxidize the hydrocarbons and produce heat; and 

conveying produced heat to tne\portion. 

4946. The method of claim 4928, wherein the spent portion of the formation comprises 
a substantially uniform permeability citeated by heating the spent formation and removing 
fluid during formation of the spent portion. 

4947. The method of claim 4928, wherein -the one or more heat sources comprise 
electrical heaters. \ 



30 



4948. The method of claim 4928, where\n the one or more heat sources comprise 
flameless distributor combustors. 
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4949. The method of claim 4948, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from the formation. 

4950. The method of claim 4928, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 

495 1 . The method of o^aim 4950, wherein the heat transfer fluid comprises combustion 
products. 

4952. The method of clain\4950, wherein the heat transfer fluid comprises steam. 

4953 . The method of ^J3im 4<5£fc>wherein condensable hydrocarbons are produced 
under pressure, and'further com^risingsygenerating electricity by passing a portion of the 
produced fluids tnrough a turbine\ 



4954. The method of claim 4928, farther comprising providing heat from three or more 
heat sources to at least a portion o^thfe formation, wherein three or more of the heat 
sources are located in the formation unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4955. The method of claim 4928, furtheAcomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uniAof heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4956. A method for in situ production of energy from a hydrocarbon containing 
formation, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion oMie hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

providing atUeast a portion of the pyrolysis products to a reformer to generate 
synthesis gas; \ 

producing the synthesis gas from the reformer; 

providing at leasfta portion of the produced synthesis gas to a fuel cell to produce 
electricity, wherein the fuM cell produces a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 

4957. The methoa of claim 4966, whetein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes atteast^omeji^^carbom within the selected section of the 
formation. A ' 

4958. The method of claim 4956, wherein at least a portion of the pyrolysis products are 
used as fuel in the reformer. \ \ 

4959. The method of claim 4956, wherein the synthesis gas comprises substantially of 
H 2 . \ 

4960. The method of claim 4956, wherein the subsurface formation is a spent portion of 
the formation. \ 

4961 . The method of claim 4956, wherein the subsurface formation is an oil reservoir. 

4962. The method of claim 4961, wherein at leasx a portion of the carbon dioxide is used 
as a drive fluid for enhanced oil recovery in the oil reservoir. 
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4963. The method of claim 4956, wherein the subsurface formation is a hydrocarbon 
formation. \ 

4964. The method of craim 4956, wherein at least a portion of the carbon dioxide is used 
to produce methane fromVhe hydrocarbon formation. 

4965. The method of claim 4963, wherein the coal formation is located over about 760 
m below ground surface. \ 

4966. The method of claim 49o4, further comprising sequestering at least a portion of 
the carbon dioxide within the hydrocarbon formation. 

4967. The method of claim/4956, Wherein the reformer produces a reformer carbon 
dioxide containing exit streamr- — 

4968. The method of claim 4966, nmher comprising storing at least a portion of the 
carbon dioxide in the reformer carbon dioxjde containing exit stream in the subsurface 
formation. \ 

4969. The method of claim 4968, wherem the subsurface formation is a spent portion of 
the formation. \ 

4970. The method of claim 4968, wherein the subsurface formation is an oil reservoir. 

497 1 . The method of claim 4970, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream\is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. \ 

4972. The method of claim 4968, wherein the subsurface formation is a hydrocarbon 
formation. 
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4973. The method of claim 4872, wherein at least a portion of the carbon dioxide in the 
reformer carbon oioxide containing exit stream is used to produce methane from the 
hydrocarbon formation. 



4974. The method W claim 4972, wherein the hydrocarbon formation is located over 
about 760 m below ground surface. 

4975. The method of claim 4973, further comprising sequestering at least a portion of 
the carbon dioxide in th^reformer carbon dioxide containing exit stream within the 
hydrocarbon formation. 



4976. The method of daimV956, wherein the fuel cell is a molten carbonate fuel cell. 



4977. The method of claim 4966, wherein 



the fuel cell is a solid oxide fuel cell. 



4978. The method of claim 495(1 fisher comprising using a portion of the produced 
electricity to power electrical heatars within the formation. 

4979. The method of claim 4956, further comprising using a portion of the produced 
pyrolysis products as a feed stream for the fuel cell. 

4980. The method of claim 4956, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the fformation. 

498 1 . The method of claim 4956, wherdin the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 



4982. The method of claim 498 1 , wherein\a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 
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4983. The method of claim 4956, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and farther comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4984. The method of cfiaim 4956, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



4985. A method for producing ammonia using a carbon containing formation, 
comprising: 

separating air to product an O2 rich stream and a N2 rich stream; 

heating a selectedjsotioA of the formation to a temperature sufficient to support 
reaction of carbon^witaining mateiMin the formation to form synthesis gas; 

providing synthesis gas gen^rating^uid and at least a portion of the O2 rich 
stream to the selected section; 

alio wing^e synthesis gas geAeratiim^luM and 0 2 in the 0 2 rich stream to react 
with at least a portion ofthecarbon-cd^ining material in the formation to generate 
synthesis gas; 

producing synthesis gas from thlj formation, wherein the synthesis gas comprises 
H 2 and CO; 

providing at least a portion of the ^2 in the synthesis gas to an ammonia synthesis 
process; 

providing N 2 to the ammonia synthesis process; and 
using the ammonia synthesis process to generate ammonia. 



4986. The method of claim 4985, wherein thb ratio of the H 2 to N 2 provided to the 
ammonia synthesis process is approximately 3il . 



4987. The method of claim 4985, wherein the ifetio of the H 2 to N 2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4988. The method of claim 4985, wherein the temperature sufficient to support reaction 
of carbon-containimg material in the formation to form synthesis gas ranges from 
approximately 400 \C to approximately 1200 °C. 

4989. The method oAclaim 4985, further comprising separating at least a portion of 
carbon dioxide in the swithesis gas from at least a portion of the synthesis gas. 

4990. The method of clafrn 4989, wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 

499 1 . The method of clajnf^990, ftirther comprising providing at least a portion of the 
carbon dioxide to a u*£a synthesis process to produce urea. 

4992. The method ^el^im 4985l wherein at least a portion of the N 2 stream is used to 
condense hydrocarbons with 4 or mope carbon atoms from a pyrolyzation fluid. 

4993. The method of claim 4985, \MKerein at least a portion of the N 2 rich stream is 
provided to the ammonia synthesis process. 

4994. The method of claim 4985, wheVein the air is separated by cryogenic distillation. 

4995. The method of claim 4985, wherain the air is separated by membrane separation. 

4996. The method of claim 4985, whereik fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the ammbnia generated from the ammonia synthesis 
process. \ 

4997. The method of claim 4985, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
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hydrotreating, andAftirther comprising adding at least a portion of such ammonia to the 
ammonia generated Vrom the ammonia synthesis process. 

4998. The method onclaim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

4999. The method of claWi 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5000. The method of claim 49185, further comprising providing at least a portion of the 
ammonia to a urea synthesis projpssTITpcoduce urea and, further comprising shifting at 
least a portion of the carbon^monWide to carbon dioxide in a shift process, and further 
comprising providing at l^ast a portion of the carbon dioxide from the shift process to the 
urea synthesis process. \. \ 

5001 . The method of claim 4985, wmerein heating the selected section of the formation 
to a temperature to support reaction offWbon containing material in the formation to 
form synthesis gas comprises: I \ 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with O2 in the O2 rich stream; \ 

introducing the O2 to the zones substantially by diffusion; 

allowing O2 in the O2 rich stream tol react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

5002. The method of claim 5001, wherein temperatures sufficient to support reaction of 
carbon-containing material within the zones with O2 range from approximately 200 °C to 
approximately 1200 °C. \ 
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5003. The method of claim 5001, wherein the one or more heat sources comprises one 
or more electricakheaters disposed in the formation. 

5004. The method of claim 5001, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

5005. The method of cmim 5001, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. \ 

5006. The methocLdf claim 5Q01, furthencomprising using a portion of the synthesis gas 
as a combustion fu)d for the oiraGF more heat sources. 



5007. The method of claircr4985i wherein heating the selected section of the formation 
to a temperature to support reactfc^A of carbon containing material in the formation to 
form synthesis gas comprises: \ 

introducing the O2 rich streain into the formation through a wellbore; 

transporting O2 in the O2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 within the portion pf the selected section to generate heat and raise 
the temperature of the portion. \ 

5008. The method of claim 5008, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 
°C. \ 

5009. The method of claim 5008, wherein thelone or more heat sources comprises one 
or more electrical heaters disposed in the formation. 
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5010. The method of claim 5008, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

501 1. The metnod of claim 5008, wherein the one or more heat sources comprise one or 
more heater wells\wherein at least one heater well comprises a conduit disposed within 
the formation, and ftirther comprising heating the conduit by flowing a hot fluid through 
the conduit. \ 

5012. The method of claim 5008, further comprising using a portion of the synthesis gas 
as a combustion fuel for ttife one or more heat sources. 

5013. The method of claim ^&85T5irfher comprising controlling the heating of at least 
the portion of the selectedsectiQn and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient tesgeneratej^thesis gasl 

5014. The method of claim 4985, wnerfem the synthesis gas generating fluid comprises 
liquid water. \ 

5015. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
steam. \ 

5016. The method of claim 4985, whereinVhe synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. \ 

5017. The method of claim 5016, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon uioxide removed from the formation. 
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5018. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5019. The method oi claim 5018, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5020. The method of clami 4985, wherein providing the synthesis gas generating fluid 
to at least the portion of theWected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

5021. A method for producing ammonia using a carbon containing formation, 
comprising: \ 

generating a firs^ammonia feed streanrarom a first portion of the formation; 

generating a secWd ammonia feed strearmfrom a second portion of the formation, 
wherein the second ammomaTfecd-s^eanrKas a H 2 to N 2 ratio greater than a H 2 to N 2 ratio 
of the first ammonia feed stream; V I 

blending at least a portion of the first ammonia feed stream with at least a portion 
of the second ammonia feed stream to proouce a blended ammonia feed stream having a 
selected H 2 to N 2 ratio; \ 

providing the blended ammonia feecftstream to an ammonia synthesis process; and 

using the ammonia synthesis process 10 generate ammonia. 

5022. The method of claim 5021, wherein theWected ratio is approximately 3:1. 

5023. The method of claim 5021, wherein the selected ratio ranges from approximately 
2.8: 1 to approximately 3.2: 1 . \ 

5024. The method of claim 502 1 , further comprising separating at least a portion of 
carbon dioxide in the first ammonia feed stream fromW least a portion of the first 
ammonia feed stream. \ 
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5025. The iAWod of claim 5024, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. 

5026. The methoa of claim 5025, further comprising providing at least a portion of the 
carbon dioxide to a Wea synthesis process. 

5027. The method ofclaim 5021, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed stream from at least a portion of the blended 
ammonia feed stream. 

5028. The method of claim^027, wherein the carbon dioxide is separated from the 
blended ammonia feed st^jsaifrW^isamine separator. 



5029. The method of claim 5028u further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process 



5030. The method of claim 502T7fukhefr compris ng separating at least a portion of 
carbon dioxide in the second ammonia\jeed stream from at least a portion of the second 
ammonia feed stream. 



503 1 . The method of claim 5030, whereiA the'carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. 

5032. The method of claim 503 1 , further con\prising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 



5033 . The method of claim 502 1 , wherein fluidaproduced during pyrolysis of a 
hydrocarbon containing formation comprise ammdnia and, further comprising adding at 
least a portion of such ammonia to the ammonia generated from the ammonia synthesis 
process. 
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5034. The methodbf claim 5021, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

503 5 . The method of claim 5021, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5036. The method of claim 502 1 , further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formati<!>njQjh£^ea synthesis process. 

5037. The method ofmim 502 1 , Vurther comprising providing at least a portion of the 
ammonia to a urea synthesis processuo produce urea and further comprising shifting at 
least a portion of carbon^noRoxnlelyihe blended ammonia feed stream to carbon dioxide 
in a shift process, and further comprising providing at least a portion of the carbon 
dioxide from the shift process to the urea synthesis process. 

5038. A method for producing ammonia fising a carbon containing formation, 
comprising: \ 

heating a selected section of the formation to a temperature sufficient to support 
reaction of carbon-containing material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an O2 rich stream to the selected 
section, wherein the amount of N 2 in the 0 2 rich stream is sufficient to generate synthesis 
gas having a selected ratio of H2 to N2; \ 

allowing the synthesis gas generating fluid and 0 2 in the 0 2 rich stream to react 
with at least a portion of the carbon-containing material in the formation to generate 
synthesis gas having a selected ratio of H 2 to N 2 ; \ 

producing the synthesis gas from the formation; 
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providing^ least a portion of the H2 and N2 in the synthesis gas to an ammonia 
synthesis process; 

using the aminonia synthesis process to generate ammonia. 

5039. The method of ftlaim 5038, further comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis gas having the selected H 2 to 
N2 ratio. 

5040. The method of clairA 5038, wherein the selected ratio is approximately 3:1. 

5041 . The method of claim 5^38, wherein the selected ratio ranges from approximately 
2.8:1 to 3.2:1. 

5042. The method ofclaim 503 whereiHtfie temperature sufficient to support reaction 
of carbon-containinfe material in tHe formatio\to form synthesis gas ranges from 
approximately 400 °Cte K a^rraimatelv 1200 

5043. The method ofclaim 5038, wE^ein the 0 2 stream and N 2 stream are obtained by 
cryogenic separation of air. 

5044. The method of claim 503 8, wherein the 0 2 stream and N 2 stream are obtained by 
membrane separation of air. 

5045. The method of claim 5038, further Comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

5046. The method of claim 5045, wherein thp carbon dioxide is separated from the 
synthesis gas by an amine separator. 

5047. The method ofclaim 5046, further comj^ising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 
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5048. The methoavof claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the ammonia generated from the ammonia synthesis 
process. \ 

5049. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are lwdrotreated and at least some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

5050. The method of claim 5(f3 8L, further comprising providing at least a portion of the 
ammonia to a urea syntheses process to produce urea. 

505 1 . The method of clah*u 5P38, f^_h er^n>prising providing at least a portion of the 
ammonia to a urea synthesis process to procwce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5052. The method of claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing an least a portion of the carbon dioxide from 
the shift process to the urea synthesis process* 

5053. The method of claim 5038, wherein heating a selected section of the formation to 
a temperature to support reaction of carbon conmining material in the formation to form 
synthesis gas comprises: \ 

heating zones adjacent to wellbores of one\or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reactionpf carbon-containing material within 
the zones with O2 in the O2 rich stream; \ 
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introducing, the O2 to the zones substantially by diffusion; 
allowing CMn the O2 rich stream to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

5054. The method of claim 5053, wherein temperatures sufficient to support reaction of 
carbon-containing material\within the zones with O2 range from approximately 200 °C to 
approximately 1200 °C. 
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5055. The method of claim 5053, wherein the one or more heat sources comprises one 
or more electrical heaters disposedipJlie formation. 

5056. The method of claim 5053,Wherein\he one or more heat sources comprises one 
or more natural distributor combusmrs. 



5057. The method of claim 5053, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one h^e^ well comprises a conduit disposed within 
the formation, and further comprising heSjtingvthe conduit by flowing a hot fluid through 
the conduit. 

5058. The method of claim 5053, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heaft sources. 



5059. The method of claim 5038, wherein heating the selected section of the formation 
25 to a temperature to support reaction of carbon containing material in the formation to 
form synthesis gas comprises: 

introducing the O2 rich stream into the forbiation through a wellbore; 
transporting O2 in the O2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
30 sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 
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reacting the ©2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. 

5060. The method of claim 5059, wherein the temperature sufficient to support an 
oxidization reaction with\o 2 ranges from approximately 200 °C to approximately 1200 
°C. \ 

5061 . The method of claim 16059, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5062. The method of claim^©5ST"ufh^rein the one or more heat sources comprises one 
or more natural distribute combustors. \ 

5063. The method oXclaim 5059, wherein tiie one or more heat sources comprise one or 
more heater wells, whereirTarteasT^Q heatei well comprises a conduit disposed within 
the formation, and further comprising heating \the conduit by flowing a hot fluid through 
the conduit. \\ \ 

5064. The method of claim 5059, further Comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5065. The method of claim 5038, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. \ 

5066. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
liquid water. \ 

5067. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
steam. 1 
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5068. The metftpd of claim 5038, wherein the synthesis gas generating fluid comprises 
water and carbon qioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

5069. The method of claim 5068, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



o 

m 
\* 

IV 
18 

\i 

E: 

0 

o 



5070. The method of clairm5038, wherein the synthesis gas generating fluid comprises 
10 carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 

formation to generate carbon nWoxide. 

507 1 . The method yof claim 5070\ wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

15 

5072. The method of claim 5038, Wherein providing the synthesis gas generating fluid 
to at least the portion of the selected! section comprises raising a water table of the 
formation to allow water to flow intoVhe at least the portion of the selected section. 

20 5073. A method for producing ammonia \ising a carbon containing formation, 
comprising: 

providing a first stream comprising ft 2 and carbon dioxide to the formation; 
allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 
formation; 

25 producing a second stream from the foAnation, wherein the second stream 

comprises a lower percentage of carbon dioxida than the first stream; 

providing at least a portion of the N2 in t^e second stream to an ammonia 
synthesis process. 



30 5074. The method of claim 5073, wherein the second stream comprises H 2 from the 
formation. 
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5075. The method of claim 5073, wherein the first stream is produced from a carbon 
containing formation 

5076. The method ofVlaim 50 75 5 wherein the first stream is generated by reacting a 
oxidizing fluid with carroon containing material in the formation. 

5077. The method of claim 5073, wherein the second stream comprises H2 from the 
formation and, further comprising providing such H 2 to the ammonia synthesis process. 

5078. The method of claim 5ty73, further comprising using the ammonia synthesis 
process to generate ammonia. 



5079. The method of/claim 5078,\wherein huids produced during pyrolysis of a 
hydrocarbon containing formation comprise anunonia and, further comprising adding at 
least a portion of sucna lmnonia ^tt^ ammonia^enerated from the ammonia synthesis 
process. 

5080. The method of claim 5078, wherqiirfLuids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated ahd at least some ammonia is produced during 
hydrotreating, and further comprising addimg at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 



5081 . The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



5082. The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 
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5083. The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of clbrbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to tha urea synthesis process. 

5084. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: \ 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; \ 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the pprfffeBtevformation such that the heat from the one or more 
heat sources can mobiliz^at least Vome ofsthe hydrocarbons within the selected 
mobilization section offthe permease formation; 

controlling the R^t from the We or mote heat sources such that an average 
temperature within at least a majority Vf the seletted mobilization section of the 
permeable formation is less than about M50°C; \ 

allowing the heat to transfer fromrae one or more heat sources to a selected 
pyrolyzation section of the permeable formatipn such that the heat from the one or more 
heat sources can pyrolyze at least some of tne hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or mare heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; amd 

producing a mixture from the permeable formation. 

5085. The method of claim 5084, wherein the oneW more heat sources comprise at 
least two heat sources, and wherein superposition orheat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. \ 
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5086. The methodW claim 5084, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 

5087. The method of clair^i 5084, wherein the one or more heat sources comprise 
electrical heaters. 

5088. The method of claim 5(^4, wherein the one or more heat sources comprise 
surface burners. 

5089. The method of claim 5€$4, fyhereinfye one or more heat sources comprise 
flameless distributed comjzmstors. 



5090. The method of clair*K$p84, whertpin the ol 
distributed combustors. 



e or more heat sources comprise natural 



5091 . The method of claim 5084, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 



5092. The method of claim 5084, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5093. The method of claim 5084, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 

5094. The method of claim 5084, wherein providing iWt from the one or more heat 
sources to at least the portion of permeable formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(C v ), and whereimthe heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by me equation: 

Pwr = h*V*C v *p B \ 
wherein Pwr is the heating\energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

5095. The method of claim SO^^TwVereihsallowing the heat to transfer from the one or 
more heat sources to the selected mobwizationvsection and/or the selected pyrolyzation 
section comprises transferring heat substantially ^>y conduction. 

[g the mixture from the permeable 
ig an API gravity of at least about 

5097. The method of claim 5084, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 iS^o by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5098. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by\ weight, of the condensable 
hydrocarbons, when calculated on an atomic basis,us oxygen. 

5099. The method of claim 5084, wherein the produced mixture comprises sulfur, and 
wherein less than about 5 % by weight, of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. \ 



5096. The method of clainr5fl&4, where! 
formation further comprises producing mi 
25°. 




999 



Conley, Rose & Tayon, P.C. 



5 100. The method of claim 5084, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absoluteA 

5101. The method of islaim 5084, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5 1 02. The method af claim 5084, further comprising: 

providing hydrogen (H 2 \ to the heated section to hydrogenate hydrocarbons within 
the section; and 

heating a portion of the sefction with heat from hydrogenation. 



5103. The method of claiT# / 5084\ wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable rtydrQcarB^^ with ^t least a portion of the produced hydrogen. 

5 1 04. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producinguhe mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 l\eat sources are disposed in the permeable 
formation for each production well. 



5 105. The method of claim 5084, whereili producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture cdn be produced from the permeable 
formation, and wherein the production well indisposed substantially horizontally within 
the permeable formation. 

5 1 06. The method of claim 5084, further comprising separating the mixture into a gas 
stream and a liquid stream. 



1000 



Conley, Rose & Tayon, P C. 



5107. The method of claim 5084, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous strea 

5108. The method ofc claim 5084, wherein the mixture is produced from a production 
well, the method furthet comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5 1 09. The method of claim 5084, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation witjarthe nfeaterfelement to produce the mixture, wherein the mixture 
comprises non-conderisable hydrtocarbon\and H2. 



5110. The methoq of claim 5084,\wherein a ipinimum mobilization temperature is about 
75 °C. 



5111. The method of claim 5084, wnpr^in a minimum pyrolysis temperature is about 
270 °C. 

5112. The method of claim 5084, further composing maintaining the pressure within the 
permeable formation above about 2 bar aopolute to inhibit production of fluids having 
carbon numbers above 25. 



5113. The method of claim 5084, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein rhe pressure is reduced to increase 
production of condensable fluids, and wherein th\ pressure is increased to increase 
production of non-condensable fluids. 
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51 14. The method of claim 5084, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measures at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 
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5115. The method of claim 5084, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5116. The method of claim 50(84, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selecjed^obilizatmn section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5117. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the g&s^sj configuW/to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the pelppeable formation, and wherein the gas comprises 
carbon dioxide. 

/ 

5118. The method of claim 5084, further\comprising providing a gas to the permeable 
formation, wherein the gas is configured touncrease a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
nitrogen. 



30 



5119. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
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controlling ^pressure of the provided gas such that the flow of the mobilized 
hydrocarbons\is controlled. 

5 120. The metHod of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons fromVie selected mobilization section of the permeable formation to the 
selected pyrolyzatiomsection of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. ^-V-\ 

5121. The method of claim d084, further comprising providing a gas to the permeable 
formation, wherein the gas is configurefcl to increase a flow of the mobilized 
hydrocarbons frorKthe selected mobilization section of the permeable formation to the 
selected pyrolyzation sSctiQnof the peppaeable formation, the method further comprising 
controlling a pressure of the provid/d gas such that the flow of the mobilized 
hydrocarbons is controlled, whereinvbhe pressure of the provided gas is below about 70 
bar absolute. \ \ \ 

5 122. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: \ 1 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; \ 

allowing the heat to transfer from thAone or more heat sources to a selected 
mobilization section of the permeable formatibn such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation: 

controlling the heat from the one or moreuieat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; \ 
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allowingVthe heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pytolyze at least some of the hydrocarbons within the selected 
pyrolyzation sectionW the permeable formation; 

controlling theyheat from the one or more heat sources such that an average 
temperature within at l&ast a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; anil 

producing a mixtyre-frpnr^Dermeable formation. 

5 1 23 . The method of claim 5122, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least soma of thejiydrocarbons within the selected mobilization 
section of the permeableformationP / 

5 1 24. The method of claim 5 1 22, vmerehr the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. \ 

5125. The method of claim 5 1 22, whereto the one or more heat sources comprise 
electrical heaters. \ 

5 1 26. The method of claim 5 1 22, wherein me one or more heat sources comprise 
surface burners. \ 

5 1 27. The method of claim 5122, wherein thd one or more heat sources comprise 
flameless distributed combustors. \ 
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5128. The method of claim 5122, wherein the one or more heat sources comprise natural 
distributed combastors. 

5 129. The method W claim 5 122, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5130. The method of clWi 5122, further comprising controlling a pressure and a 
temperature within at leasfta majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 

5131. The method of ckim^t^Arther comprising controlling the heat such that an 
average heating rate m the selected pynHyzation section is less than about 15 °C/day 
during pyrolysis. / \ \ 

5132. The method Declaim 5 1 22, Wherein providing heat from the one or more heat 
sources to at least the portfeti-Qf^enneable formatibn comprises: 

heating a selected volume (V) of the hyoroca^bon containing permeable formation 
from the one or more heat sources, wherein me formation has an average heat 
capacity(C v ), and wherein the heating pyrblyzes at ledst some hydrocarbons within the 
selected volume of the formation; and \ / 

wherein heating energy/day provided to thewlume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: \ ' 

Pwr = h*V*C v *p B \ 
wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and whterein the heating rate is less than about 10 
°C/day. \ 

5133. The method of claim 5 1 22, wherein allowiVig the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 
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5 134. The methdcftof claim 5 122, wherein producing the mixture from the permeable 
formation further comprises producing a mixture having an API gravity of at least about 
25°. \ 

5135. The method of claim 5122, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5136. The method of clairA 5 122, wherein the produced mixture comprises condensable 
hydrocarbons, and \\^d^hne^han about 7 % by weight, of the condensable 
hydrocarbons, wh^n calculatecKon an atomic basis, is oxygen. 

5137. The method of claim 5 122l wherein the produced mixture comprises condensable 
hydrocarbons, an^VheiginJess^ % by weight, of the condensable 
hydrocarbons, when calculated on an atomic pasis, is sulfur. 

5138. The method of claim 5 1 22, fUmer comprising controlling a pressure within at 
least a majority of the permeable formauoh^wHerein the controlled pressure is at least 
about 2 bar absolute. \ 

5139. The method of claim 5 1 22, further (comprising altering a pressure within the 
permeable formation to inhibit production oV hydrocarbons from the permeable formation 
having carbon numbers greater than about 25l 

5 1 40. The method of claim 5 1 22, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons within 
the section; and \ 

heating a portion of the section with heat frorn hydrogenation. 
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5141. The method of claim 5 122, wherein the produced mixture comprises condensable 
hydrocarbonsyand hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 1 42. The method of claim 5122, wherein producing the mixture from the permeable 
formation further comprises producing mixture in a production well, wherein the heating 
is controlled such that the mixture can be produced from the permeable formation, and 
wherein at least about \ heat sources are disposed in the permeable formation for each 
production well 

5 143. The method of clair^-S422 a wherein producing the mixture from the permeable 
formation further comprises broducin^nnixture in a production well, wherein the heating 
is controlled such/that the mixmire can be produced from the permeable formation, and 
wherein the production well is apposed substantially horizontally within the permeable 
formation. 



5 144. The method of claim 5 122, 
stream and a liquid stream. 



er comprising separating the mixture into a gas 



5145. The method of claim 5122, furtner comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5 146. The method of claim 5 122, wherein Ate mixture is produced from a production 
well, the method further comprising heating a\wellbore of the production well to inhibit 
condensation of the mixture within the wellbor 



5 147. The method of claim 5 1 22, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
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permeabm formation with the heater element to produce the mixture, wherein the mixture 
comprises ^pn-condensable hydrocarbons and H2. 

5 148. The me\hod of claim 5 122, wherein a minimum mobilization temperature is about 
75 °C. 

5 149. The method\)f claim 5 122, wherein a minimum pyrolysis temperature is about 
270 °C. 
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10 5 1 50. The method of claim 5 1 22, further comprising maintaining the pressure within the 
permeable formation abov^ about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 

5151. The method Wclaim 5\22, further comprising controlling pressure within the 
15 permeable formation in a range worn about atmospheric pressure to about 100 bar 

absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixtWe, wherein the pressure is reduced to increase 
production of condensable fluids, and\herein the pressure is increased to increase 
production of non-condensable fluids 

20 

5 1 52. The method of claim 5 122, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 

25 API gravity, and wherein the pressure is increased to reduce the API gravity. 



5153. The method of claim 5 122, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

30 5 1 54. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
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hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5155. The methodW claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from theNselected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. \ 

5156. The method of claim 5122, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of tnfe pentaeable formation, and wherein the gas comprises 
nitrogen. I \ \ 

5157. The method of claim 5122, further conWising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeaWe formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. \ 

5158. The method of claim 5122, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. \ 
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5159. The mWiod of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is below about 100 
bar absolute. \ 

5 1 60. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: \ 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; 

allowing the he^fto transfer frohi the one or more heat sources to a selected 
mobilization sectioryof the permeable form^ion such that the heat from the one or more 
heat sources can mobilize at least some of the Vydrocarbons within the selected 
mobilization section\f the permeable formation\ 

controlling the heatlftm^the-o^ or more neat sources such that an average 
temperature within at least a majoritAof the selected! mobilization section of the 
permeable formation is less than aboutNl50°C; I 

allowing the heat to transfer fronmhe one oj more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; \ 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; \ 

providing a gas to the permeable formation, Wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
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the permeabl\ formation to the selected pyrolyzation section of the permeable formation; 
and 

producing a mixture from the permeable formation. 

5161. The methoA of claim 5 1 60, wherein the one or more heat sources comprise at 
least two heat sources, and wherein the heat from the one or more heat sources can 
mobilize at least someyof the hydrocarbons within the selected mobilization section of the 
permeable formation. 
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5 1 62. The method of claim 5 1 60, wherein the one or more heat sources comprise at 
least two heat sources, and wherein the heat from the one or more heat sources can 
pyrolyze at least some of the hydrocarbons within the selected pyrolyzation section of the 
permeable formation. 

5 1 63 . The method of/laim 5 1 6(\ wherein\lje one or more heat sources comprise 
electrical heaters. 



5 1 64. The method of claim 5 1 60, wherein the oi 
surface burners. 



or more heat sources comprise 



5165. The method of claim 5 1 60, wherein the onfe or more heat sources comprise 
flameless distributed combustors. 



25 



5 166. The method of claim 5160, wherein tyie one or more heat sources comprise natural 
distributed combustors. 



5 1 67. The method of claim 5 1 60, further comforising disposing the one or more heat 
sources horizontally within the permeable formation. 



30 5 1 68. The method of claim 5 1 60, further comprising controlling a pressure and a 

temperature within at least a majority of the permeable formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 

5 1 69. The methoid of claim 5 1 60, further comprising controlling the heat such that an 
average heating rateVof the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. \ 

5 1 70. The method of claim 5 1 60, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the Heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formations and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated byffie equations. 

Pwr = h*V*C*pk \ \ 

wherein Pwr is the hfeatiiig^energWd^y, h is an average heating rate of the 
formation, p B is formation bulk density And wherein the heating rate is less than about 10 
°C/day. \\ \ 

5171. The method of claim 5 1 60, whereinWtawing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

iucing mixture from the permeable 
[raving an API gravity of at least about 

5 1 73. The method of claim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by Weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 



5 1 72. The method of claim 5 1 60, wherein pro< 
formation further comprises producing mixture 
25°. 
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5 1 74. Themethod of claim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons\and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, ^hen calculated on an atomic basis, is oxygen. 

5175. The methoa\pf claim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5 176. The method of clami 5 160, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 

5177. The method pfclaim 5 1 (JQ, fuhher comprising altering a pressure within the 
permeable formation to inhibit prAductionSof hydrocarbons from the permeable formation 
having carbon numbers greater than about 25L 



5178. The method of claim 5 1 60, further comprising: 



providing hydrogen (H2) to the npated sea 
the section; and 

heating a portion of the section witl\ Kbat ffom hydrogenation. 



on to hydrogenate hydrocarbons within 



5179. The method of claim 5160, whereintthe produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



5180. The method of claim 5 1 60, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sourcelf are disposed in the permeable 
formation for each production well. 
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5181. The method of claim 5 1 60, wherein producing the mixture from the permeable 
formation furthencomprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

5182. The method of claim 5 1 60, further comprising separating the mixture into a gas 
stream and a liquid stream. 

5183. The method of claim 5 1 60, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. ^\ 

5 1 84. The method (of claim 5 u60, whereifo the mixture is produced from a production 
well, the method further comprising heating la wellbore of the production well to inhibit 
condensation of the mixtmewfflnn-th^ 

5185. The method of claim 5 1 60,\wh^ein the) mixture is produced from a production 
well, wherein a wellbore of the proauctioirwell comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater edement to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 

5186. The method of claim 5160, wherein a minimum mobilization temperature is about 
75 °C. \ 

5 1 87. The method of claim 5 160, wherein a minimum pyrolysis temperature is about 
270 °C. \ 
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5 1 88. The method of claim 5 160 ? further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers Vbove 25. 

5189. The methoaVof claim 5 1 60, further comprising controlling pressure within the 
permeable formationNin a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable\fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 



5 1 90. The method of claim 5 1 W further comprising controlling pressure within the 
permeable formation in a range flspHT-abntrt^tmospheric pressure to about 100 bar 
absolute, as measured at a wdllheaii of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein tnfe pressure is reduced to decrease the 
API gravity, and wherein the^ressur^sjjicreased rp reduce the API gravity. 



5191. The method of claim 5 1 60, wherMn mobiliziijij 
selected mobilization section comprises redubing a 



g the hydrocarbons within the 
viscosity of the hydrocarbons! 



5 1 92. The method of claim 5 1 60, wherein the provided gas comprises carbon dioxide. 

5 1 93 . The method of claim 5 1 60, wherein the provided gas comprises nitrogen. 

5 1 94. The method of claim 5 1 60, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled. 

5195. The method of claim 5 1 60, further comprisin^controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 
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5 1 96. Thkmethod of claim 5 1 60, further comprising controlling a pressure of the 
provided gasvsuch that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 100 bar absolute. 



5 197. A methocKof treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; 

allowing the hea\ to transfer from the one or more heat sources to a selected 
mobilization section of th& permeable formation such that the heat from the one or more 
heat sources can mobilke-teUeast some of the hydrocarbons within the selected 
mobilization section of the perm^le formation; 

controlling the heat frotn the\me or more heat sources such that an average 
temperature wMiin at least a majority of the selected mobilization section of the 
permeable formatib&4sless than about 150°C; 

allowing the heat to transf&from the; one or more heat sources to a selected 



m such that the heat from the one or more 
lydrocarbons within the selected 



pyrolyzation section of the permeable formats 
heat sources can pyrolyze at least somte of the 
pyrolyzation section of the permeable Vormatic n; 

controlling the heat from the onfe or more heat sources such that an average 
temperature within at least a majority ofihe selected pyrolyzation section of the 
permeable formation is less than about 3^5°C; 

allowing at least some of the mobilised hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
the permeable formation to the selected pyrolyzation section of the permeable formation; 

controlling a pressure of the provided gas Such that the flow of the mobilized 
hydrocarbons is controlled; and 

producing a mixture from the permeable formation. 
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5 198. The method of claim 5 197, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 

5199. The method of cliaim 5 1 97, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 

5200. The method of claim 5 r97, wherein the one or more heat sources comprise 
electrical heaters. s^"^ \ 

520 1 . The method of claim 5 1 97, Wherein the one or more heat sources comprise 
surface burners. \^ \ \ 



5202. The method of claim 5 1 97, wHferein the ohe or more heat sources comprise 
flameless distributed combustors. V 

5203. The method of claim 5197, wherem the one or more heat sources comprise natural 
distributed combustors. \ 

iprising disposing the one or more heat 
lation. 

5205 . The method of claim 5 1 97, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. \ 



5204. The method of claim 5 1 97, further cc 
sources horizontally within the permeable 
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5206. The method of claim 5197, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 1 5 °C/day 
during pyrolysia 

5207. The methoa of claim 5 1 97, wherein providing heat from the one or more heat 
sources to at least th& portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more hqat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by Mie equation: 

Pwr — h*V*jC v *p B \ \ 
wherein Pwr\s the heatingWergy/day,\fc is an average heating rate of the 
formation, p B is forai^tionbulk density, and wWerein the heating rate is less than about 1 0 
°C/day. ^^\( \ 

5208. The method of claim 5197, whereni allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

l producing the mixture from the permeable 
^ture having an API gravity of at least about 

produced mixture comprises condensable 
Vo by weight, of the condensable 
tsis, is nitrogen. 



5209. The method of claim 5 1 97, whereV 
formation further comprises producing mi: 
25°. 



5210. The method of claim 5 1 97, wherein the 
hydrocarbons, and wherein less than about 0.5 
hydrocarbons, when calculated on an atomic b; 
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521 1 . Thdinethod of claim 5 197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons! when calculated on an atomic basis, is oxygen. 

5212. The metHod of claim 5197, wherein the produced mixture comprises condensable 
hydrocarbons, anaVwherein less than about 5 % by weight, of the condensable 
hydrocarbons, wh^n calculated on an atomic basis, is sulfur. 

5213. The method o^claim 5 197, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. \ 

5214. The method of^turnS^ comprising altering a pressure within the 
permeable formatioif to inhibdt produ&tion of hydrocarbons from the permeable formation 
having carbon numbers greater than abo^t 25. 

5215. The method of claim 5 1 97 J further comprising: 

providing hydrogen (H 2 ) to mfe heated section to hydrogenate hydrocarbons within 
the section; and \ \ \ 

heating a portion of the section with heat from hydrogenation. 

5216. The method of claim 5 197, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5217. The method of claim 5197, whereto producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. \ 
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5218. The method of claim 5197, wherein producing the mixture from the permeable 
formation furthencomprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

5219. The method of ojaim 5197, further comprising separating the mixture into a gas 
stream and a liquid stres 



m 

IlJ 

si 
P 

£ 
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10 5220. The method of claim 5 197, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5221. The method o\ claim 5 1 9y , wherein thfe mixture is produced from a production 
15 well, the method furthercTsmprish^neating a wellbore of the production well to inhibit 

condensation of the mixture withiMthe wellbore 

5222. The method of claim 5 197, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 

20 heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 



25 



5223. The method of claim 5 197, whereir\ a minimum mobilization temperature is about 
75 °C. 



5224. The method of claim 5 1 97, wherein a \ninimum pyrolysis temperature is about 
270 °C. 
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5225. The method of claim 5 197, further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 



5226. The method of claim 5 197, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 1 00 bar 
absolute, as measured a\ a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensablevfluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 



5227. The method of clain3x5^97^orther comprising controlling pressure within the 
permeable formation in^rangeVrom abouKatmospheric pressure to about 100 bar 
absolute, as measured/at a wellhead of a proauction well, to control an API gravity of 



condensable fluids withift4he; rnixmire, whereii 



API gravity, and wherein the pressures increased to reduce the API gravity. 

5228. The method of claim 5 197, wfterbm mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 



the pressure is reduced to decrease the 



5229. The method of claim 5 197, wher&in the provided gas comprises carbon dioxide. 

5230. The method of claim 5 197, wherein the provided gas comprises nitrogen. 

523 1 . The method of claim 5 197, wherein tjie pressure of the provided gas is above 
about 2 bar absolute. 



5232. The method of claim 5 197, wherein the\)ressure of the provided gas is below 
about 70 bar absolute. 
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5233. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: \ 

providing neat from one or more heat sources to at least one portion of the 
permeable formation; 

allowing the uieat to transfer from the one or more heat sources to a selected 
mobilization section W the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least\a majority of the selected mobilization section of the 
permeable formation is lessman about 150°C; 

allowing the heat to tWsfer from the one or more heat sources to a selected 
pyrolyzation section oftfie peiWablbyformation such that the heat from the one or more 
heat sources can pynflyze at least some\>f the hydrocarbons within the selected 
pyrolyzation section 6Qhe permeable formation; 

controlling the heat from rheone on more heat sources such that an average 
temperature within at least a majority of thet selected pyrolyzation section of the 
permeable formation is less than abhut 375°C; and 

producing a mixture from the pb^meable formation in a production well, wherein 
the production well is disposed substantially horizontally within the permeable formation. 

5234. The method of claim 5233, wh&ein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of themydrocarbons within the selected mobilization 
section of the permeable formation. \ 

5235. The method of claim 5233, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the hydiocarbons within the selected pyrolyzation 
section of the permeable formation. 1 
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5236. The methdd of claim 5233, wherein the one or more heat sources comprise 
electrical heaters. \\ 

5237. The method o^claim 5233, wherein the one or more heat sources comprise 
surface burners. 

5238. The method of claW 5233, wherein the one or more heat sources comprise 
flameless distributed combustors. 

5239. The method of claim $233, wherein the one or more heat sources comprise natural 
distributed combustors. 

5240. The method ofclaim 5233, fuhher comprising disposing the one or more heat 
sources horizontally within the pdrmeabte formation. 

524 1 . The method ofctakii^233^Wtfier comprising controlling a pressure and a 
temperature within at least a majorifL of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or thq temperature is controlled as a function of 
pressure. 

5242. The method of claim 5233, further comprising controlling the heat such that an 
average heating rate of the selected pyrd^yzation section is less than about 15 °C/day 
during pyrolysis. 

5243. The method of claim 5233, whereiA providing heat from the one or more heat 
sources to at least the portion of permeable Formation comprises: 

heating a selected volume (F) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(C v ), and wherein the heating pyrolyz)p s at least some hydrocarbons within the 
selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /i*F*)C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5244. The method of clzJim 5233, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5245 . The n&thod of clairrra^ 3 , wherein producing mixture from the permeable 
fonnation/further comprises pl[oafc*£ing mixture having an API gravity of at least about 
25°. 



5246. The method oFctatm^52^1^4KreV the produced mixture comprises condensable 
hydrocarbons, and wherein less tTh^i about 0.5 % by weight, of the condensable 



hydrocarbons, when calculated on aV atomic 



basis, is nitrogen. 



5247. The method of claim 5233,\wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tham about 7 % by weight, of the condensable 
hydrocarbons, when calculated on am atomic basis, is oxygen. 



5248. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 



5249. The method of claim 5233, further comprising controlling a pressure within at 
least a majority of the permeable formatiolp, wherein the controlled pressure is at least 
about 2 bar absolute. 
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5250. The memod of claim 5233, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

525 1 . The method of claim 5233, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons within 
the section; and \ 

heating a portion oftthe section with heat from hydrogenation. 

5252. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogenAhe method further comprising hydrogenating a portion of 
the produced condensable hycBrocarbons with at least a portion of the produced hydrogen. 

5253. The method oPclaim 52i3 5 wherein producing the mixture from the permeable 
formation further comprises proaucingthe mixture in a production well, wherein the 
heating is controllecksuch that tha mixtureNean be produced from the permeable 
formation, and wherein aFTeast abopt 4 heansources are disposed in the permeable 
formation for each production welt\ 

5254. The method of claim 5233, nirthercomprising separating the mixture into a gas 
stream and a liquid stream. \ 

5255. The method of claim 5233, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. \ 

5256. The method of claim 5233, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 
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5257. The method of claim 5233, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5258. The method of claim 5233, wherein a minimum mobilization temperature is about 
75 °C. \ 

5259. The method of clarni 5233, wherein a minimum pyrolysis temperature is about 
270 °C. \ 

5260. The method of oKum 5233, nMier comprising maintaining the pressure within the 
permeable formatioi/above aoput 2 bar absolute to inhibit production of fluids having 
carbon numbers abovfe*-^ 

5261 . The method of claim 523b, furthdr comprising controlling pressure within the 
permeable formation in a range raom about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhezrci of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 

5262. The method of claim 5233, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead oft a production well, to control an API gravity of 
condensable fluids within the mixture,\wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5263. The method of claim 5233, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 
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5264. The method of claim 5233 , further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5265. The method of Vlaim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. \ 

5266. The method of claim 15233, further comprising providing a gas to the permeable 
formation, wherein the gas i^ronfigtif^d to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation ^ection onthe permeable formation, and wherein the gas comprises 
nitrogen. /( 

5267. The method of claim 523 further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the providedlgas such that the flow of the mobilized 
hydrocarbons is controlled. \ 

5268. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the perm&able formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
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hydrocarbons is\ontrolled, wherein the pressure of the provided gas is above about 2 bar 
absolute. 

5269. The method W claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure ofithe provided gas such that the flow of the mobilized 
hydrocarbons is control^, wherein the pressure of the provided gas is below about 70 
bar absolute. 



5270. A method of treating\a hydrocarbon containing permeable formation in situ, 
from orip or more heat sources to at least one portion of the 



comprising 

providinj 
permeable foi 



hon; 



allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the perineWe formation such that the heat from the one or more 
heat sources can mobilize at least^Qme of the hydrocarbons within the selected 
mobilization section of the penneaftlelqrmation; 

controlling the heat from the\one or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than aboift 150°C; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons within the permeable formation; and 
producing a mixture from the permeable formation. 



5271 . The method of claim 5270, whereifo the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 
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5272. The method^ of claim 5270, wherein the one or more heat sources comprise 
electrical heaters. 

5273. The method ofVlaim 5270, wherein the one or more heat sources comprise 
surface burners. 

5274. The method of cla\m 5270, wherein the one or more heat sources comprise 
flameless distributed comWustors. 

5275. The method of claim $270, wherein the one or more heat sources comprise natural 
distributed combustors. 

5276. The method of claim Slw^fufihsr comprising disposing the one or more heat 
sources horizontally withintife permeable formation. 



5277. The method of clantrfSTO^fyfther corriprising controlling a pressure and a 
temperature within at least a majority of the pe meable formation, wherein the pressure is 
controlled as a function of temperatu^, or the temperature is controlled as a function of 
pressure. 



5278. The method of claim 5270, whbrein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) ofithe hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(C v ), and wherein the heating py^olyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation:\ 

Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

5279. The method of claim 5270, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section comprises transferring heat 
substantially by conduction. \ 

5280. The method of claim 5E70, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. \ 

528 1 . The method of claim 5^/k herein producing the mixture from the permeable 
formation further compnse^rodAcin/g the mixture in a production well, wherein the 
heating is controlled such thatNftejtaixture can be produced from the permeable 
formation, and whereiA^Uea§tmout 4 heat sources are disposed in the permeable 
formation for each production wellS^ 

5282. The method of claim 5270, vlherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. \ 

5283. The method of claim 5270, further comprising separating the mixture into a gas 
stream and a liquid stream. \ 

• comprising separating the mixture into a gas 
the liquid stream into an aqueous stream and a 



5284. The method of claim 5270, furthe 
stream and a liquid stream and separating 
non-aqueous stream. 
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5285. The methodM claim 5270, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mkture within the wellbore. 

5286. The method of claim 5270, wherein the mixture is produced from a production 
well, wherein a wellbore\of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 

5287. The method of claim p270, wherein a minimum mobilization temperature is about 
75 °C. 



15 



5288. The method jeff claim 5270, wherein mobilizing the hydrocarbons within the 
selected mobilizapon section comprises reaucing a viscosity of the hydrocarbons. 



5289. The method of h ctemv427%^erein the\provided gas comprises carbon dioxide. 



20 



5290. The method of claim 5270,\wherein the provided gas comprises nitrogen. 

5291 . The method of claim 5270, nirther comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled. 



5292. The method of claim 5270, fumher comprising controlling a pressure of the 
25 provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 



30 



5293. The method of claim 5270, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 70 bar absolute. 
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5294. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: \ 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the neat from the one or more heat sources such that an average 
temperature within at least a majority of the selected mobilization section of the 
permeable formation is lass than about 150°C; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons within the permeable formation; 

controlling a pressure^fthe provided gas such that the flow of the mobilized 
hydrocarbons is controlled; aJad \ 

producing a mimxre fromtlfe permeable formation. 

5295. The method of claim 529ft, wherein the one or more heat sources comprise at 
least two heat sources, and whereinvsuperposition of heat from the one or more heat 
sources can mobilize at least some\of the hydrocarbons within the selected mobilization 
section of the permeable formationA 

5296. The method of claim 5294, wherein the one or more heat sources comprise 
electrical heaters. \ 

5297. The method of claim 5294, wherfein the one or more heat sources comprise 
surface burners. \ 

5298. The method of claim 5294, whereiriithe one or more heat sources comprise 
flameless distributed combustors. 1 
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5299. The method of claim 5294, wherein the one or more heat sources comprise natural 
distributed combusrors. 



5300. The method oficlaim 5294, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5301 . The method of claim 5294, further comprising controlling a pressure and a 
temperature within at leak a majority of the permeable formation, wherein the pressure is 
controlled as a function o\ temperature, or the temperature is controlled as a function of 
pressure. 



5302. The method of claiiri 5294, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volmme (V) of the hydrocarbon containing permeable formation 
from the one or more heat soi#eesr^herein the formation has an average heat 
capacity(C v ), and wherein/fhe fteatirfc pVrolyzes at least some hydrocarbons within the 
selected volume of the fitamatioW^ijd 

wherein heating energy/qay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the\equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating dtaergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



5303. The method of claim 5294, Wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section comprises transferring heat 
substantially by conduction. 



5304. The method of claim 5294, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 
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5305. The method of claim 5294, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controllecftsuch that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 

5306. The method of ckim 5294, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled suchthat the mixture can be produced from the permeable 
formation, and wherein the\production well is disposed substantially horizontally within 
the permeable formation. \ ^ — ^ 

5307. The method of claim 5294, further comprising separating the mixture into a gas 
stream and a liquid streWi^V// \ 

5308. The method of claim 529^urther comprising separating the mixture into a gas 
stream and a liquid stream and sebarati^ig the liquid stream into an aqueous stream and a 
non-aqueous stream. \ 

5309. The method of claim 5294, therein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5310. The method of claim 5294, whftrein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent tfe the wellbore, and further comprising heating the 
permeable formation with the heater elelient to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 
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5311. The method of claim 5294, wherein a minimum mobilization temperature is about 
75 °C. \ 

5312. The method W claim 5294, wherein mobilizing the hydrocarbons within the 
selected mobilization Wction comprises reducing a viscosity of the hydrocarbons. 

53 13. The method of dlaim 5294, wherein the provided gas comprises carbon dioxide. 

5314. The method of clam 5294, wherein the provided gas comprises nitrogen. 

5315. The method of clairia 5294, wherein the pressure of the provided gas is above 
about 2 bar absolute. \ 

53 1 6. The mctiymof claim 5294, wh^Kein the pressure of the provided gas is below 
about 70 bar absolute. \ \ 

5317. A method for treating hj/flrocarbons In at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: \\ 

providing heat from one or mote heat sources to the formation; 

allowing the heat to transferifrom one or more of the heat sources to a selected 
section of the formation such that haat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability of at least k portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 

53 1 8. The method of claim 5317, whdrein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition ofiheat from at least the two heat sources increases 
the permeability of at least the portion oi the selected section. 



1035 



Conley, Rose & Tayon, P.C. 



5319. The methodW claim 5317, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation wherein the thermal fractures substantially increase the permeability of the 
selected section. \ 

5320. The method of ckim 5317, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. \ 

5321. The method of claiA 5317, wherein at least one of the heat sources comprises an 
electrical heater located in tme formation. 

5322. The method of cljiffrfei^wherein at least one of the heat sources is located in a 
heater well, and wja^rein at least one oMie heater wells comprises a conduit located in 
the formation, aiid further comprising heatmg the conduit by flowing a hot fluid through 
the conduit. I \ 



5323. The method of claim 53 17, wherein* at least some of the heat sources are arranged 
in a triangular pattern. I \ 

5324. The method of claim 53117, further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture. 

5325. The method of claim 5324,\wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 
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5326. TheVethod of claim 5324, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where\the fluid is produced. 

5327. The methfed of claim 5317, wherein an average distance between heat sources is 
between about 2 m to about 8 m. 

5328. A method foAtreating hydrocarbons in at least a portion of a hydrocarbon 
containing formationAwherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from one or more heat sources to the formation; 

allowing the heatio transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the^elected sechon, and wherein heat from the heat sources 
vaporizes at least a jaortion oithe hydrocarbons in the selected section; and 



producing ajnixture c&mmising 



hydrocarbons from the formation. 



5329. The method of claim 53E8, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
at least the portion of the hydrocarbons in the selected section. 

5330. The method of claim 5328, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. 

533 1 . The method of claim 5328, wherekn the heat is provided such that an average 
temperature in the selected section ranges\from approximately about 270 °C to about 375 
°C. 
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5332. The method of claim 5328, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 

5333. The methoti of claim 5328, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and farther comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5334. The method oil claim 5328, wherein at least some of the heat sources are arranged 
in a triangular pattern. 



5335. The method of claim^328, further comprising: 

monitoring^^mpositiona)f the produced mixture; and 
controlling a pressure in at \east a portion of the formation to control the 

composition of the produced mixt 



5336. The method of claim\>6335, 
proximate to a location where ute 



herein the pressure is controlled by a valve 
mixture is produced. 



5337. The method of claim 5B35, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 

5338. The method of claim 5328, wherein an average distance between heat sources is 
between about 2 m to about 8 mJ 



5339. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 
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providinguieat from one or more heat sources to the formation, wherein at least 
one of the heat sources is located in a heater well; 

allowing they heat to transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more heater wells. 

5340. The method of claim 5339, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sortie hydrocarbons within the selected section of the 
formation. \ 

comprising producing fluid from at least one 
source of the one or more heat sources. 

.5342. The method of claim 53\9\ further comprising allowing heat to transfer from at 
least one of the heat sources to the plected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. \ 

terein the heat is provided such that an average 
pes from approximately about 270 °C to about 375 

5344. The method of claim 5339, whetein at least one of the heat sources comprises an 
electrical heater located in the formation. 

5345. The method of claim 5339, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 



5341. The method y6f claim 
heater well in whiqfn is posit 



531 



hea; 



5343. The method of claim 5339, wl 
temperature in the selected section rai 
°C. 
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the formation, \nd further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5346. The methck of claim 5339, wherein at least some of the heat sources are arranged 
in a triangular patte 

5347. The method claim 5339, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 

5348. The method of claflpi 5347, wherein the pressure is controlled by a valve 
proximate to a location wh|j£4h£jnixture is produced. 

5349. The metho/of claim \>347, whekein the pressure is controlled such that pressure 
proximate to one oh mQre of j t^heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 

5350. The method of claim 533& wherei^i an average distance between heat sources is 
between about 2 m to about 8 m. 



5351. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from one or niore heat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
first section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons anp pyrolyzed within the first selected section, and 
allowing the heat to transfer from one or more of the heat sources to a selected second 
section of the formation such that heat firom the heat sources heats at least some 
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hydrocarbons within the selected second section to a temperature less than the average 
temperature Aithin the pyrolysis zone; and 

producing a mixture comprising hydrocarbons from the formation. 

5352. The method of claim 5351, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
sources pyrolyzes afyleast some hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat from the at least two heat sources heats at 
least some hydrocarbons within the selected second section to a temperature less than the 
average temperature witjiin the pyrolysis zone. 

5353. The method of claim S^SJ^^lierein at least some heated hydrocarbons within the 
selected second section^floW into the pyrbJysis zone. 

5354. The methocfofclaim b35Lyrherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the/selected second section. 

5355. The method of claim 5 s5 l>&rther comprising allowing heat to transfer from at 
least one of the heat sources to the selected first section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected first section. 

5356. The method of claim 5351, hirther comprising allowing heat to transfer from at 
least one of the heat sources to the selected second section to create thermal fractures in 
the formation, wherein the thermal fixtures substantially increase the permeability of the 
selected second section. 



5357. The method of claim 5351, whdrein the heat is provided such that an average 
temperature in the selected first sectionpnges from approximately about 270 °C to about 
375 °C. 
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5358. The mefhod of claim 5351, wherein the heat is provided such that an average 
temperature in tng selected second section ranges from approximately about 180 °C to 
about 250 °C. 

5359. The methodW claim 5351, wherein a viscosity of at least some of the 
hydrocarbons in the selected second section ranges from approximately about 20 
centipoise to about 1Q00 centipoise. 

5360. The method of dlaim 5351, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 



5361. The method of claim 5351, wherein at least one of the heat sources is located in a 
heater well, and wherein afrteasFdne of the heater wells comprises a conduit located in 
the formation, and furrier c\)mprising^ieating the conduit by flowing a hot fluid through 
the conduit. 

5362. The method of claim 1 , further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in atsJeast a portion of the formation to control the 

composition of the produced mixture^ 



5363. The method of claim 5362, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



5364. The method of claim 5362, wherein the pressure is controlled such that pressure 
proximate to one or more of the Heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 



5365. The method of claim 5361 
substantially greater than the press 



wherein the pressure in the selected second section is 
ire in the selected first section. 
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5366. The mbthod of claim 535 1, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5367. The method of claim 535 1 , wherein an average distance between heat sources in 
the selected first section is less than an average distance between heat sources in the 
selected second section. 

5368. The method onclaim 535 1, wherein the heat is provided to the selected first 
section before heat is provided to the selected second section. 

5369. The method of cl^im 5351, wherein the selected first section comprises at least 
one production well. 



15 



5370. The methetfof claim 5^51, wherein an average distance between heat sources in 
the selected first section is bstween\bout 2 m to about 10 m. 



5371 . The method of claimf 5b5 1, wherein an average distance between heat sources in 
the selected second section iV between about 5 m to about 20 m. 



20 5372. The method of claim 53^1 , wherein the selected first section comprises a planar 
region. 



25 



5373. The method of claim 535 1 \ wherein at least one row of the heat sources provides 
heat to the planar region. 

5374. The method of claim 5373 v^ierein a length of a row is between about 75 m to 
about 125 m. 



5375. The method of claim 5372, wherein the planar region comprises a vertical 
30 hydraulic fracture. 
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5376. The methdd of claim 5375, wherein a width of the vertical hydraulic fracture is 
between about 0.3cm to about 2.5 cm. 

5377. The method Ibf claim 5375, wherein a length of the vertical hydraulic fracture is 
between about 75 m to about 125 m. 

5378. The method of claim 5351, wherein at least one ring comprising the heat sources 
provides heat to the selected first section. 

5379. The method of claim 5378, wherein at least one ring comprising the heat sources 
provides heat to the selected second section. 

5380. The metja^d of claini 5378,Vherein the ring comprises a polygon. 

5381. The mojhod of claim $378, wherein the ring comprises a regular polygon. 

5382. The method of claim[5i78, wherein the ring comprises a hexagon. 

5383. The method of claim 53 v& wherein the ring comprises a triangle. 

5384. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein thq portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat from three dtr more heat sources to the formation; 
allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 



hydrocarbons within the selected sei 



tion, and at least three of the heat sources are 



arranged in a substantially triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 
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5385. The method of claim 5384, wherein superposition of heat from at least the three 
heat sources pwolyzes at least some hydrocarbons within the selected section of the 
formation. \ 

5386. The methoo of claim 5384, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 

5387. The method of claim 5384, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. \ 

5388. The method of claim 5384, wherein the heat is provided such that an average 
temperature in the selected sptfon ranges from approximately about 270 °C to about 375 
°C. /\ 

5389. The method of clairrf5384 ? wherein at least one of the heat sources comprises a 
electrical heater located in the lormation. 

5390. The method of claim 5384,wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. \ 

5391 . The method of claim 5384, wherein at least some of the heat sources are arranged 
in a triangular pattern. \ 

5392. The method of claim 5384, further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure in at least abortion of the formation to control the 
composition of the produced mixture. I 
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5393. The method of claim 5392, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5394. The method of claitff wherein the pressure is controlled such that pressure 
proximate to one or more bffh| / Tieat sources is greater than a pressure proximate to a 
location where the fluid is prod&cfcd. 

5395. The method of claim 5384^ wherein an average distance between heat sources is 
between about 2 m to about 8 m. 
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